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Our Birthday It may be interesting for our readers 
Party. to know that the present issue of THE 
ELECTRICAL WORLD inaugurates the eighteenth year of its 
existence. Beginning as it did when telegraphy was the 
only important electrical industry, it was devoted exclu- 
sively to the interests of the telegraph, and in its old form 
of The Operator won for itself many of the friends that it 
now values so highly. With the broadening of the elec- 
trical arts its scope has been broadened until finally, grow- 
ing with the growth of applied electricity, it has expanded 
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into its present form. Could they be seen side by side, the 
present number would be a striking contrast indeed tothe 
first issue of The Operator. We feel sure that our numerous 
friends will wish us on this anniversary even greater 
growth in the years to come than has been our good for- 
tune in the years that have passed. 





The Management of Al- To those of our readers who have to 
ternating Currents. deal practically with alternating cur- 
rent apparatus, we can do no better than to commend Mr. 
T. Carpenter Smith’s paper, read before the National Elec- 
tric Light Association, as one that will be very serviceable to 
them in their work. The author has had a long experience 
with alternating current plants, and his practical pointers 
are the result of his personal attention to the subject. It is 
asingular fact that in all the books that have been written 
upon electric lighting the alternator has held a subordinate 
place. Plenty of explicit directions for the operation for 
direct current systems can be found, but when it comes to 
alternating currents the case is quite different ; informa- 
tion is scarce and peculiarly hard to find, in fact, almost 
unattainable except through the medium of special papers. 
This fact makes such practical discussions as the one we 
are considering of great interest and value, and very many 
of our readers will probably find therein much that will 
be of material service. 


The Elieson ON another page we show a new form 
Meter. of electricity meter that possesses 
many interesting peculiarities. In general principle it be- 
longs to the electrolytic type, but by a very ingenious and 
simple method the quantity of electricity that is passed 
through the meter is registered on dials, so that it can in- 
stantly be noted by inspection. The general principle of 
registration is the measurement of equal volumes of elec- 
trolytic gas secured by displacement of equal quantities of 
mercury. Each pulsation of the latter fluid completes the 
circuit of a battery and actuates the registering mechan- 
ism In practice the results obtained have been excellent. 
It is, of course, adapted, as at present constructed, only for 
continuous currents, and the inventor, Mr. Elieson, has de- 
voted a large amount of attention to experiments to fit it 
for use with alternating currents. At first sight electroly- 
sis by alternating currents seems almost a hopeless task; 
but nevertheless it is not at allan impossible one, and we 
may expect to see the Elieson meter developed in this di- 
rection. It is certainly a very neat and effective instru- 
ment for the purpose intended. 


The Nature of the Prof. Elihu Thomson has done good 
Electric Are. service in correcting some of the very 
common misstatements about the electric arc, and putting 
the facts as determined by late experiments in concise and 
definite form. His paper on the subject, read before the 
National Electric Light Association, is an admirable ré- 
sumé of the present state of arc lighting and are regula- 
tion, besides being an exposition of the scientific features 
of the arc itself. It is most extraordinary that, even after 
all the years of experiment which have gone by since 
Davy first saw the brilliant arc of l'ght between the separ- 
ated carbons that formed his battery terminals, the general 
impression ghould be widespread to-day that the luminosity 
of the arc is due to carbon particles, and its conductivity 
to heated air. As Professor Thomson very plainly shows, 
nothing could be further from the truth, for instead there 
pours between the carbons a steady stream of carbon 
vapor, and the light is derived almost exclusively from 
the enormously heated surface at which the evaporation 
takes place. These facts have been known to every scien- 
tific investigator who has ever turned a_ spectroscope 
upon the electric arc; but electricians, particularly those 
who write books, seem to have been entirely oblivious to 
them. Professor Thomson deserves the thanks of the 
electrica! fraternity for his clear exposition of the arc, 
and the means that are in practice employed for its regu- 
lation. 


The Electric Light THE meetingof the National Electric 
Convention. Light Association, reported in full in 

this our convention number, may be counted as one of the 
most successful in the history of the organization. It was 
characterized by a number of excellent papers, a large 
attendance and thorough good feeling throughout. The 
exhibits were specially worthy of attevtion, and reflected 
great credit on the enterprise of the gentlemen who 
brought them together from far and near. . The head- 
quarters was well chosen, and the delegates left 
carrying with them the feeling that everything 
had been done for their comfort that the facili- 
ties of the town afforded, and that they had 
beefi treated with the greatest courtesy and hospitality. 
The election of officers for the ensuing year leaves nothing 
to be desired. It gathered together an earnest, active, 
efficient body of workers, who will, we are sure, push the 
association forward with all the vigor that their predeces- 
sors have displayed and with the added force that comes 
from the inspiration of a successful year for the associa- 
tion. The National Electric Light Association should be 
one of the great industrial organizations of the country, 
and we hope to see it include an ever-increasing number 


. 
of central station men, so that each year it may more and 
more fittingly represent the entirety of the great business 


of electric lighting that has grown upduring the past 
decade. 





A New Westinghouse WE are glad to be able to publish this 
Motor. week a cut and description of the new 
Westinghouse low-speed railroad motor that has been in 
successful experimental use on a car in Pittsburgh for the 
last month. It was to be expected, in learning from the 
experience of past years, that the street railway motor 
would be improved in the direction of greater mechanical 
simplicity and better construction throughout, and the 
present motor is certainly a wide step in that direction. 
All the principal electrical railway companies have been 
moving toward the same goal. The first of the low-speed 
motors to appear was thatof the Thomson-Houston Com- 
pany recently described in these columns. The present 
machine is an evolution along a somewhat different line, 
derived, as it is, directly from the Westinghouse motor of 
the past season. The use of four poles has enabled the 
speed to be brought down toa point where it becomes quite 
easy to dispense with the intermediate gearing, and the 
excellent mechanical properties of the Westinghouse motor 
have been retained to the very fullest. The experimental 
work has been highly successful, and we fully expect to 
see these good results borne out in practice upon a more 
extensive scale, 


A Daring ONE of the features of the coming elec- 

Project. trical exhibition at Frankfort-on-the 
Main will be the transmission of power on a scale hitherto 
never attempted. When it was announced some months 
azo that it was proposed to transmit 100 h. p. from Lauf- 
fen-on-the-Neckar to Frankfort, a distance of more than 
a hundred miles, the statement was received with smiles 
of incredulity, but now it seems quite probable that not 
only will the experiment be tried but that it will succeed 
in spite of the engineering difficulties that have to be sur- 
mounted. The government has been asked to supply line 
for the purpose, and on the system used the expense will 
not necessarily be at all severe, for the use of very high 
potential alternating currents is the feature of 
the scheme as at present planned The  alter- 
nating generator will supply a _ step-up _ trans- 
former, that in turn will transmit its secondary current 
at an enormously high potential along the line, to be re- 
transformed by a step-down transformer at Frankfort to a 
poteptial practicable for an alternating motor. A series 
of experiments carried out recently at Oerlikon in- 
volve the use of pressures as high as 33,000 volts on the 
line. At sucha potential the current transmitted becomes 
so small that the line is a relatively small factor in the 
losses incurred, even though it be of the extreme length 
proposed. Nothing can better illustrate the characteristic 
advantages of the alternating system than this beautiful 
process of generating and utilizing currents at a moderate 
potential, and transmitting them from station to station at 
a pressure so enormous that the losses in transitu become 
insignificant. 


a —_—_— 
A Remarkable ON another page we _ illustrate a 
Machine. steam turbine of very extraordinary 


character. The rotary engine or its equivalent has been 
for years the dream of inventors, and hardly any steam 
engineer of long experience has not tried his hand at the 
construction of such a form of steam motor, usually, we 
are sorry to say, with very indifferent success. With ex- 
perience wisdom has increased, and in the present machine 
we seem to be in the possession of a rotary steam motor 
that is, at least mechanically, above reproach. The very 
ingenious system of steam cushioning has made it possible 
to run the revolving parts with a clearance so small as to 
reduce leakaye to an insignificant figure, and at the same 
time to avoid nearly all the friction that has so often 
caused trouble in similar constructions. As a matter 
of fact, the standard motor now used for driving the 
fly-wheel of a Howell torpedo at the enornious speed of 
10,000 revolutions per minute, can, when steam is shut off, 
be spun around by the shaft between the thumb and finger 
almost as freely as if it were a top. The mechanical 
construction, is of the most exquisite description and ex- 
ceedingly simple, as will be at once seen from the descrip- 
tion and figures. The sole point mm question appears to be 
the economy of steam. In this connection it is only fair 
te remember that compactness, simplicity, cheapness of 
construction, will do not a little to overbalance a consider- 
able waste of steam. Perhaps it is too much to expect 
that, under the conditions found, steam can ever be em- 
ployed as efficiently as in a first-class modern engine; but 
even a near approach to such economy would mean a very 
wide field of usefulness open for the new motor. There 
are numberless yurposes, electrical and otherwise, for 
which a steam turbine of this description is peculiarly 
fitted, and if a lower speed machine constructed along the 
same lines can show a reasonable efficiency a still greater 
field will be opened. The output in proportion to the 
weight is nothing less than enormous, and can in all proba- 
bility be increased to a figure far above that of any prime 
mover yet devised. For all purposes where compactness 
and simplicity have a direct value it is no mean rival of 
the present steam engine, at least in its simpler forms, 
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Latest Foreign Electrical News. 


(By Cable from THE ELECTRICAL WORLD'S Correspondent.) 

Lonpon, Feb. 23, 1891.—The central station at Deptford, 
after many vexatious delays, recommenced operations on 
Feb. 16, running the full pressure of 10,000 volts. Four 
sub-stations, each containing 36 150 h.p. transformers fitted 
with interlocking switches to prevent the mistakes that 
have caused difficulty in the past, will probably be com- 
pleted within three months. At present only one is in 
operation. 

The special committee appointed by the Salford Corpora- 
tion to investigate the question of sewage speaks highly of 
the results of the electrical process. 

Kapp’s Cantor Lecture before the Society of Arts on the 
‘* Electric Transmission of Power” has just been published. 

The first year’s working of the Barking accumulator 
system has just been completed, and the results have been 
published. The result has shown that the cost per car 
mile was eight pence against sixpence by horses, 

On Thursday last Mr. Swinburne read a very long paper 
before the Institution of Electrical Engineers on the ‘*Dis- 
tribution of Electrical Energy by Transformers.” 

A small electrical improvement for the coming summer 
will be found on Lake Windemere, where electric launches 
similar to those now employed on the Thames will be em- 
ployed. 

News has just been received that Professor Von Hem- 
holtz has been decorated with the Legion of Honor. 

—_— —-csore |] e+ 


Moonlight Tables for March, 1891. 


Herewith we give Mr. H. W. Frund’s table of lighting 
hours for the month of March, under his modified form 
of moon schedule. 




















TABLE NO, Il. TABLE NO, 2. 
Standard Moonlight Frund’s New Moonlight 
Philadelphia System. System. 

l 
Date.| Light. \Date. Extinguish) Date.) Light. |Date.| Exting. 
1 | 6:20P.m.| 2 (12:40 a.m./| 1 | 6:20P.m.; 2 (12:40 a.m. 
2 | 6:25 3 | 1:45 1} 2 | 6:2 3 | 1:45 
3 | 6:25 4 | 2:55 3 | 6:25 4 | 2:56 
4 | 6:25 5 | 3:55 4 | 6:25 5 | 3:55 
5 | 6:25 6 4:55 5 | 6:25 6 | 4:55 
6 | 6:25 7 | 5:25 6 | 6:25 7 | 5:25 
7 6:30 8 | 5:25 i 6:30 8 | 5:25 
8 | 6:30 9 | 5:20 | 8 | 6:30 9 | 5:20 
9 6:30 10 5:20 | 9 | 6:30 10 5:20 
10 | 6:30 li 5:20 10 | 6:30 11 5:20 
li 6:35 12 5:15 | 11 | 6:35 12 5:15 
12 | 6:35 13 5:15 12 | 6:35 13 | 5:15 
13 6:35 14 5:15 ij 13 6:35 14 5:1? 
14 | 6:35 15 | 5:10 14 | 6:35 15 | 5:10 
15 /|11:30 16 | 5:10 15 | 6:40 16 | 5:10 
16 16 | 6:40 16 12:00 M. 
17 /12:30a.M, | 17 | 5:10 || 17 112:30 a.m.) 17 | 5:10 a.M 
18 | 1:30 18 | 5:05 17 | 6:40 p.m.) 17 |12:60 M. 
19 | 2:15 19 | 5:05 | 18 1:30 a.m.| 18 | 5:05 a.m 
20 | 3:00 | 20 | 5:05 18 | 6:40 p.m.| 18 (12:00 m. 
21 bees 21 | 5:00 | 19 | 2:15 a.m.! 19 | 5:05 a.m. 
22 | 4:05 | 22 5:00 19 | 6:40 p.m.) 19 |12:00 Mm. 
23 | Nolight.) 23 | No light. 20 | 3:00 a.m.| 20 | 5:05 a.m. 
24 | Nolight.| 24 | No light. 20 | 6:45 P.m.| 20. |12:00 Mm. 
25 | Nolight.) 25 | No light. 21 | 3:35 a.m.| 21 | 5:00 a.m 
26 | Nolight,) 26 | Nolight, || 21 | 6:4) p.m./ 21 (12:00Mm. 
27 | 6:50P.M.; 27 | 9:30 P.M 22 | 6:45 P.m.| 22 |12:00 
28 | 6:50 | 28 |10:35 23 | 6:45 23 12:00 
| 29 | 6:50 | 29 {11:40 | 24 | 6:50 24 12:00 
30 | 6:50 | 30 (12:45 A.M 25 | 6:50 25 (12:00 
31 6:55 [ae 1:50 a 6:50 26 «12:00 
_— — | sf z . 
Total hours lighting, 184.25... || 35 | 6:50 = jae 
|| 29 | 6:50 29 (12: 
| 30 | 6:50 39 12:45 A.M. 
31 | 6:55 31 | 1:50 








Total hours lighting, 25.025 


The New President and Vice-President of the National 
Electric Light Association. 





MR, C. R. HUNTLEY. 

Shortly after his birth in the village of Winfield, Herki- 
mer County, N. Y., Oct. 12, 1854, his parents moved to the 
beautiful city of Utica, N. Y., where he received his edu- 
cation, and then entered the employ of the Remington 
Arms Company at Ilion, N. Y. In 1877 Mr, Huntley ac- 
cepted the agency of the United Pipe Lines at Bradford, 
Pa., representing that company, and also holding office 
under the city government till 1883, when he resigned, 
and became a broker in oils, stocks, etc., and is still 
a member of the New York Consolidated Petroleum 
and Stock Exchange. In 1888 Mr. Huntley 
was elected secretary and general manager of the 
Buffalo Electric Light and Power Company, and the Biush 
Electric Light Company of Buffalo. Since then his record 
is closely identified witk the growth of the association. 
At the Chicago meeting Mr. Huntley was added to the 
Executive Committee and was prominently mentioned as 
the probable candidate of the association at the Kansas City 
meeting, but refused to allow his name to be used in opposi- 
tion to Mr, Perry. He was then elected chairman of the Exe- 
cutive Committee and has just’ been unanimously chosen 
for the highest position in the association. It is expected 
that under his guidance all the members will unite in har- 
monious accord to make the association a power in advanc- 
ing the general interests of the electrical industries. In the 
prime of life, active, successful and popular, Mr. Huntley 
will find loyal and willing support ready to aid him in his 
excellent efforts to increase the strength of the association. 


MR. JAMES I, AYER. 

Mr. James I. Ayer, who was elected first vice-president 
of the National Electric Light Association at the Providence 
meeting, is well known in electrical circles. He enjoys 
the honor of having planned, constructed and placed in 
necessful operation within eleven months from the day he 
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took hold of the work an arc lighting plant of 1,800 lights, 
and which has since grown to be the largest arc lighting 
plant in the world. This plant was illustrated and described 
in our issue of Jan. 3, and the appreciation in which its divi- 
dend-earning qualities were held is shown inthe Associated 
Press dispatch, received just as the late meeting adjourned, 
announcing the sale of the plant for $2,000,000. Mr. Ayer 
built for the future, anticipating the rapid increase that 

ae 
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PRESIDENT C. R. HUNTLEY. 


was sure to follow perfect service, and his company has 
quickly reaped the benefit of his forethought. 

Mr. Ayer was born in 1854 in Bedford, Mass., where his 
boyhood was passed. He was graduated as acivil engi- 
neer, and after four years’ railway service entered mer- 
cantile life. On the organization of the Jenney Electric 
Company, of Indianapolis, Ind., he became connected with 
the electrical business by identifying himself with that 
company, since which time his enviable record is coincident 
with the growth of the electrical industry. On June 2!, 
1889, Mr. Ayer was appointed general superintendent of 
the Municipal Electric Lighting and Power Company, of 
St. Louis, and later on he was appointed general manager 





VICE-PRESIDENT JAMES |. AYER. 


ot the company. Mr. Ayer has a charming wife and a 
family of three daughters, to promote whose happiness he 
spares no efforts. 


2+ © ++ 
The Coupling of Alternators.* 


Much vagueness still exists with regard to the action of 
alternate-current machines when run in series or parallel 
on thesame circuit, although the generally accepted theory, 
that of Dr. Hopkinson, was published as long ago as 1884, 
That alternators will not run in series, but can be made to 
run in parallel, has been frequently established by experi- 
ments on a large scale, but unexplained cases exist in 
which it has been found practically impossible to connect 
them so as to aid each other in feeding a pair of mains, 


* Abstract from The Electrician (London), 
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while even where no difficulty occurs in coupling. the ma- 
chines in parallel the device, in spite of its convenience, is 
rarely if ever used in practice. The usual plan is that 
adopted at the Manchester Square Station, where each ma- 
chine is coupled on to its own system of mains, and the 
circuits are rearranged if the loads alter considerably. 

The theory which Dr. Hopkinson put forward in 1884 
depended upon the effects of difference of phase. The im- 
portance of this quantity in connection with alternating 
currents is hardly yet fully recognized. It is, indeed, re- 
markable what a very slight lag between the ampéres and 
the volts given out by an alternator working at ordinary 
frequency will reduce its output to zero just as effectually 
as if the current were switched off altogether. A 50 h. p. 
alternator, yielding a current at 100 periods per second, 
will have its electrical output reduced 20 per cent. if only 
one-thousandth of a second is made to intervene between 
the moments at which the volts and ampéres attain their 
greatest values. This means that the engine driv- 
ing the dynamo, whenever this lag occurs, has 
over 10 h. p. available to increase the speed of 
the machine considered merely as a revolving mass. 
If the current lag has been caused by the dynamo momen- 
tarily slowing down, the engine will quickly remedy the 
defect and the lag will tend to diminish. Otherwise the 
phase difference will go on increasing and the engine will 
race. Two independently driven alternators coupled up to 
the same circuit must tend either toward coincidence of 
phase or toward opposition. In the former case they 
would be suitable for series working, since their volts 
would add up, while in the latter case they could ad- 
vantageously be joined in parallel, since, just as with ac- 
cumulators connected in parallel, the currents would add 
as regards an external circuit, and oppose as regards local 
circuits. Dr. Hopkinson showed that the self-induction of 
the circuit, by causing the current to lag behind the result- 
ant electromotive forces due to the two machines, causes 
the leading dynamo to give out less power than the other, 
and the engine driving the former machine tends, in con- 
sequence, to run faster,so that any difference in phase 
between the electromotive forces is increased by the effect 
of self-induction until the state of opposition needed for 
parallel working is reached. 

Mr. Mordey, who is dissatisfied with the explanation of 
Dr. Hopkinson, has urged the importance of alternators 
having a “stiff field” if intended for parallel working. 
This is not incompatible with the armature having a large 
self-induction in comparison with its resistance, nor is the 
presence or absence of iron in the armature of any serious 
importance when the magnetic circuit of the field magnets 
is very good,as is the case in machines of recent date. 
Indeed, Mr. Mordey’s alternator, although its field is 
‘* stiff,” and its coils are free from iron, yet possesses in its 
armature more than six times as much self-induction in 
proportion to its resistance as is required by the formula 
which Dr. Hopkinson has given for the best parallel work - 
ing conditions. The successful coupling of Mordey ma- 
chines in parallel is thus no evidence against the old theory; 
while it is interesting to note that if the theory is 
correct it should be possible to get alternators to run 
in series as well as in parallel. 

There is one point in the theory, however, which it seems 
possible to doubt. The logic of the argument no one can 
gainsay; but mathematics, however perfect as a process of 
deduction, can only evolve worthless results from assump- 
tions which are untrue. In the Hopkinson theory it is 
assumed that the periodic state has been attained before 
the influence of self-induction is investigated. The effect 
of putting alternating volts on to a circuit possessing self- 
induction is ultimately to produce a current which varies 
in the same way as the volts, but for the first two or three 
periods this is far from being the case. Extra currénts 
are produced, represented mathematically by exponential 
functions of the time, whose value is _ consider- 
ablé at first and rapidly diminishes as time goes on. 
The same effect is produced whenever any change is 
preduced in the mean value of the volts or ampéres in cir- 
cuit. We have already pointed out that the actual time 
corresponding with the difference in phase is exceedingly 
small, so small, indeed, that the extra non-periodic cur- 
rents produced whenever any change in phase occurs have 
not had time to die away. These extra currents, are of su- 
preme importance at the instant any change takes place, 
and their value is appreciable until two or three periods 
have elapsed. What their influence is on the question it is 
not very easy to foretell, but as the Hopkinson theory 
ignores them altogether, it seems desirable that their ac- 
tions should be investigated, especially in view of the fact 
that there seems to bea general impression among en- 
gineers that the armature resistance is a very important 
factor in the problem. 
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The Elieson Electric Meter. 

The novel meter described herewith has just been 
brought to this country by Mr. C. P. Elieson, whose name 
is well known to electricians, presents not a few feat 
ures of interest. The principle is very simple and the de- 
tails are most ingeniously worked out. It is an electro- 
lytic meter, acidulated water being the electrolyte and the 
positive and negative plates being platinum and carbon 
respectively, The quantity of electricity that flows is 
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measured by the amount of gas given off, and this is em- 
ployed in a most novel manner to operate a positive 
registering apparatus showing the consumption of 
current on the dial, The electrolytic gas passes from 
a sealed jar, in which are the electrodes, through 
the rubber tube shown in the figure into a second small 
vessel; into this latter dip two tubes, shown in the figure, 
one of them open at the top, the other closed and furnished 
with a pair of electrodes with platinum wires reaching 
well down into the tube. The bottoms of both tubes are 
covered by the mercury which fills the bottom of the jar, 
the gas evolved from the electrodes passes off, an increase 
in pressure forcing the mercury up into the tube 
containing the electrodes until the bottom of the vent 
tube is uncovered and the gas rushes out, when the 
equilibrium is restored and the operation is re- 
peated. Just before the gas escapes the gas has risen 
high enough in the tube containing the electrodes 
to short circuit them and throw into action a small bat- 
tery, that actuates the electromagnetic registering mech- 
anism. The operation, then, consists in registering the 
escape of equal volumes of gas, hence the registering me- 
chanism measures also equal quantities of electricity passing 
through the meter. Its operation is very certain and regu- 
lar, and the method employed undoubtedly secures an ac- 
curate registry of the current that has passed quite inde- 
pendent of sources of error that make themselves felt in 
most meters. The electrolytic jar contains enough fluid to 
last for several months without renewal, so that the meter 
requires only very infrequent attention. The fall of poten- 
tial between the electrodes is a little less than two.volts, It 
certainly is a most remarkably ingenious and finished type 
of electrolytic meter. As at present made it is only suited 
for continuous current, but Mr. Elieson has carried on 
some exceedingly interesting experiments with electrolysis 
by alternating currents that promise a further develop- 
ment of the meter for the measurement of electricity in 
that widely employed form. 


oe 


A Neat Organ-Blowing Plant. 





We show herewith an illustration of a motor plant that 
is installed in one of the prominent Brooklyn churches for 
blowing the organ. As will be seen at a glance, it is strik- 
ing from its wonderful simplicity. The motive power 1s 
furnished by a small Perret motor, belted directly to 
the crank shaft that operates the bellows. Attached 
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or other complications that might lessen its effectiveness 
It has proved in service to be a very effective installation. 
The electric motor is bound to come into use for all sorts of 
purposes, but perhaps the present one is as good an exam- 
ple of its universal adaptability as could be found. 


The Dow Steam Turbine Motor. 


From a technical point of view one of the most interest- 
ing exhibits at the recent National Electric Light Conven- 
tion in Providence was the display of the new and remark- 
able steam turbine manufactured by the Hotchkiss Ord- 
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whose bore has two opposite grooves to receive at a sliding 
fit two corresponding features upon the driving shaft. 
The hu*s of the wheels project inward into the central 
chamber through holes in the partitions which are larger 
than the hubs. Upon the inward face of each steam wheel 
are series of buckets concentric with the shaft and pro- 
jecting into the annular series of guide plates. Thus the 
faces of the moving buckets seat upon the bottom of the 
annular spaces of the partitions, and the faces of the sta- 
tionary guide plates seat upon the bottom of the annular 
spaces of the steam wheels. 

In the central chamber, midway between the partitions. 
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nance Company under the Dow patents. The following 
description of the machine and its operation, furnished by 
the inventor himself, will be of interest to our readers : 

In external appearance the service motor is a short cylin- 
der about nine inches in diameter by five inches long, hav- 
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directly to the body of the bellows is a rod that pulls o, 
pushes, as occasion requires, on the switch handle of a little 
switch box to regulate the. motor. As the bellows 
fills, the motor runs moré and ‘more _ slowly, 
and may be, if necessary, entirely cut out. If 
there is an unusual call for air, as when 
the great organ is used at its full power, the power of the 
motor is turned on in proportion as the bellows becomes 
exhausted, and consequently the pressure is kept up very 
successfully, The motor has taken its place in not a few 
churches for the purposes shown, but we hardly know of 
a plant that possesses the simplicity of this one as 
arranged by the Elektron Manufacturing Company. It is 
very compact, self-regulating so as to keep a constant press- 
ure on the bellows and free from any gearing, loose pulleys 


ing bulging covers in whose hubs the driving shaft is 
journaled. The steam pipe enters at one side of the case, 
and the exhaust pipe leads out beneath. The motor weighs 
105 pounds. Its speed is 10,000 revolutions per minute. 
The power developed by a boiler pressure of 100 pounds 
to the square inch is 25 h. p., but the motor is abundantly 
strong to bear a working pressure of 150 pounds, at which 
pressure about 40 h. p. is developed. 

The motor case has two partitions which, with the two 
covers. divide the interior into three parallel chambers. 
Stationary guide plates, analogous to those of the water 
turbine, are arranged upon the outwardly presenting face 
of each partition in six series concentric with the shaft, and 
the several series are separated from each other by annular 
spaces, Two steel wheels are mounted upon a sleeve 


is a disc, mounted upon the sleeve. And on each side 
of disc, distant from it .015 of an inch, is the 
inner face of the partition, or, rather, the inner face of 
an annular face-plate, whose hub screws into its partition. 
The dise part of each face-plate stands clear from its parti- 
tion, and is perforated by three concentric rows of holes, 
and the inner face of each face-plate is channeled in con- 
centric circles between the holes and cross-channeled 
by radial grooves starting near the periphery of the face- 
plate and running between the perforations. 

Steam from the boiler enters the central chamber, passes 
through the disc-like ports or spaces between the central 
disc and the face-plate on each side of it. as well as through 
the perforations in the face-plates, flows along the channels 
in the face-plates to the annular space surrounding the 
wheel hubs, then right and left toward each wheel, then 
expands radially outward through the zigzag of alternate 
guide plates and buckets, until finally it exhausts from the 
circumference of the steam wheels into the outer chambers, 
the exhaust pipe and the atmosphere. 

The least disturbance of the steam wheels in the direc- 
tion of their axis partly closes one of the steam ports, and 
at the same time opens wider the other port, thus revers- 
ing the disturbance and forcing the wheels back to their 
normal position. But, since the feathered driving shaft 
slides freely through the sleeve, any external push end- 
ways of the shaft does not disturb the wheels, and in the 
service motor the shaft is slipped out of clutch at full 
speed of the motor. In practice only three thousandths of 
an inch end play is allowed to the wheels, and the auto- 
matic balance is so accurate that the wheels do not wear 
against their seats, so that months of use have brought no 
increase of end play. 

In actual operation the performance of the motor is 
almost startling. It was shown under steam at the works 
of the Hotchkiss Ordnance Company, both in place on the 
frame of the Howell torpedo and set up for experimental 
purposes connected to the torpedo fly-wheel. The Howell 
torpedo, that has been adapted for use in the United 
States Navy, as is known to most of our readers, derives its 
motive power from the stored-up energy of a heavy fly- 
wheel that is driven up to an enormous velocity before the 
torpedo isfired. The fly-wheel of the service torpedo weighs 
about 135 pounds and the energy stored is said to be equiv- 
alent to about 18h. p. One of the standard motors coupled 
to such a fly-wheel, and running under 70 pounds of steam, 
brought the wheel up to its full speed of 10,000 revolutions 
per minute in the brief space of two minutes and forty- 
eight seconds. 

Twenty-five horse power is, as has been mentioned, 
claimed for this motor at 100 pounds steam pressure; but 
it is only fair tosay that it has never been given an exact 
test, owing to the enormous difficulty of dynamcmeter 
work at the extreme speed developed. The steam con- 
sumption claimed is 45 pounds per horse power per hour. 
As this is presumably based on the 25 h. p. estimate, it will 
be raised cr lowered as exact tests show more clearly the 
real capacity of the machine. The feature of the motor to 
which it owes it mechanical success is unquestionably 
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steam cushions are formed to obviate end plates 
and keep the moving parta always clear of the 
stationary parts. This enables the clearance space 
to be reduced to a very small amount, and hence obviates 
the great waste of steam by leakage, that has proved so 
formidable a foe to previous steam turbines. Just how 
well the steam is utilized in the multiple expansions it un- 
dergoes it is impossible to say without exact tests. The 
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the cheapness and compactness of the machine will go far 
to outweigh such a disadvantage. It is hardly to be 
expected that the steam can be expanded as advantageously 
in such an apparatus as in the ordinary steam cylinder, 
particularly as it is necessary to wire-draw it slightly in 
passing through each of the consecutive sets of vents in 
order to give the emergent jet velocity enough to compen- 
sate for the greater tangential velocity at the next ensuing 





NEW WESTINGHOUSE 


operation of the motor under its full speed is remarkably 
smooth and quiet. . 

Fig. 1 shows a section of a standard motor as arranged 
for driving the torpedo fly-wheel. The course of the 
steam is from the boiler to the annular space in the centre 
of the motor, then laterally through the ports mentioned 
in the inventor’s description through the narrow cushion 
spaces, and then, passing on either side to the inner ring of 
the turbine, it expands through the central chambers and 
then passes into the exhaust. 

Fig. 2 shows in diagram the arrangement of the stand- 
ard motor with the layout of the vents in the several rings.: 
The steam is actually expanded down so that in the ex- 
haust it shows less than one pound by the steam gauge. 

Fig. 3 shows the standard torpedo tube with the motor 
in position; the dimensions of the motor are given ‘in Fig. 
1. The operation of the turbine for this service leaves little 
to be desired—compact, powerful and reliable. Just what 
its field for usefulness aside from such special service may 
be remains yet to be determined. A motor is now under 
construction to run at about 2,000 revolutions, and if it 
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Will do this with a fair degree of efficiency it will prove in- 
valuable for electrical use where compactness and light 
weight are desiderata. 

One of the steam turbines is now in use in the United 
States Torpedo Station at Newport, operating at the full 
Speed of nearly 10,000 revolutions per minute a dynamo 
originally intended for use with the Parsons steam tur- 
bine, a much more cumbersome and complicated machine. 
The appearance of the larger sizes of this machine will be 
awaited with great interest, for a successful rotary engine 
has advantages that need no comment. Even if its effi- 
ciency should prove considerably less than what is expected, 
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SLOW SPEED MOTOR. 


ring. As it stands, however, it is a most remarkable 
machine and its progress should be followed with the 
closest attention. 

—“_ 2 oe & 0+ ___—__—_ 


The New Westinghouse Slow-Speed Street-Car Motor. 


During the past winter the principal electrical companies 
operating street-car systems have been at work on the pro- 
duction of slow-speed motors for railway service, with the 
idea of dispensing with the intermediate gear that has 
proved so vexatious in the past. The first to appear was 
the Thomson-Houston motor recently described in these 
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columns. It now gives us pleasure to call attention to the 
new slow-speed motor of the Westinghouse company, now 
ready to be placed on the market. Our cut gives a gen- 
eral idea of the characteristics of the new machine. Sev- 
eral forms have been experimented with, and the only es- 
sential difference between them is in the shape of the 
field-magnet castings, and they all have the common 
feature of four poles pointing radially inward and 
carrying the field coils slipped over them, very much 
as in the Thomson-Houston motor, already described. 
The new machine fits into practically the same form of 
frame asthe old one, and takes up but little if any more 
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space. The hinged magnetic circuit is employed in this 
motor, as in the ordinary one, and the field-magnet casting 
bearing, with its two poles, can be swung clear open for 
repair and for removing the armature. As will be seen at 
a glance, the machine is very solidly constructed and is re- 
markably compact. The brush holders are carried by a 
substantial bracket and bolted directly upon the side cast- 
ing. The armature is cross-connected so that only two 
brushes are employed, 90 degrees apart, and consequently 
both are easily accessible. The motor has been in experi- 
mental use for some time—at least a month—on the Second 
avenue electric line in Pittsburgh. The form of motor we 
show is the one employed upon this experimental car, and 
the result has shown that it is most successful. But a 
single-gear reduction is necessary, as the armature speed 
is only between 300 and 400 revolutions at ordinary power 
speeds. The single wide-faced pair of steel gears run in 
oil, so that both wear and noise are reduced to a very small 
amount. 

The winding of the new motor, has been worked out with 
the greatest care, and among other effects of the improved 
apparatus the smoothness of starting is increased. A motor 
of this kind ought to be good for nearly 15 per cent. in- 
crease in commercial efficiency over the corresponding 
high-speed two- pole motor, and promises not only increased 
efficiency but much diminished repairs. 

At a later day we shall take pleasure in describing more 
in detail the peculiarities of the machine in its later form, 
which differs principally from the one shown in the cylin- 
drical shape of the field-magnet castings and in the ar- 
rangements of some of the minor devices. Altogether, this 
new motor is a very decided improvement over the old 
types, and will undoubtedly commend itself in use as 
in experiment. A car fitted with this equipment has been 
doing capital work in Pittsburgh for some time, and is the 
first of probably a very considerable number of similar 
equipments that will soon be put in use, 
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The Construction and Use of Electrical Testing 
Apparatus. 





BY CHARLES P. FREY, CHIEF ELECTRICIAN OF THE GREELEY 
ELECTRICAL LABORATORY, 


XT, 5 


Combination Testing Sets.—The Wheatstone bridge test- 
ing sets described in Article IX. are in one sense combination 
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sets, since they combine galvanometer and rheostat, In 
fact these two instruments are most decidedly united, and 
the connections in general are interwoven in a manner 
which obliges the investigator to limit his experiments to 
resistance measurement, or almost dismantle the instru- 
ment, 

Of course the term ‘“‘ combination set” may be broadly 
construed to mean almost anything or nothing, but con- 
ventionally used it simply designates two or more instru- 
ments combined, or connected together in one case, ina 
manner which permits their ready use, together or sepa- 
rately as preferred, | 
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Now, in order that prospective purchasers of one of these 
tombination sets may not be disappointed therewith it is 
but fair toremind them that the dimensions and contiguity 
of the constituent instruments in a set of this kind prevent 
them from being severally constructed with the greatest 
possible accuracy, and that in addition their proximity to 
each other frequently causes the connections, battery 
wires, coils, ete., to affect the galvanometer deflections, 
more or less, in a manner which is annoying, to say the 
least. But even with these defects combination sets are 
useful for ordinary rapid work. One of the best instru- 
ments of this typeis the Bailey testing set, invented by the 
late H. L. Bailey, Esq.,of New York, and placea on the 
market several years since. 

This instrument has been designed to meet the wants of 
electricians, students and others who wish a compact and 
portable testing set which will enable them, by following 
the printed instructions (accompanying each set), to make 
with sufficient accuracy a variety of measurements. It 
consists essentially of a three-coil tangent galvanometer, a 
rheostat and ac mbination key, contained in a mahogany 
case. There are 13 German silver wire coils in the rheostat, 
1,4434 ohms in the aggregate, which are, respectively, 4, 1, 
2, 3, 7, 10, 20, 30, 70, 100, 200, 300 and 700 ohms (see Fig. 44). 

The following instructions for using this instrument are 
adapted from a set of directions prepared by Mr. Bailey, 
and are applicable to either the Bailey or Frey-Bailey instru- 
ment : 

Place the instrument upon a table, chair or any firm 
support, otherwise much inconvenience will be felt. The 
needle will swing freely on its pivot by giving a left-handed 
turn to the screw near the galvanometer; when not in use, 
the needle should always be lifted from its pivot—done by 
giving a right-handed turn to the screw. The plugs of the 
rheostat should all be firmly in place. The needle swinging 
freely, the ‘‘testing set” should be turned so that therhort 
magnetic needle points north and south and the long 
aluminium pointers, which nearly touch the scale, point to 
its zero marks. The instrument isnow ready for any of 
the tests or measurements which can be made with it. 

To Test a Cell of Battery.—First remove the infinity 
plug from tke hole marked ‘‘Inf.” in the rbeostat. The 
two binding posts at B are to be connected by means of 
two wires to the poles of the cell to be examined. The 
plug for the galvanometer should be placed in C (its long 
coil). Remove plugs from holes 700 and 300, thus adding 
1,000 ohms to the (about) 200 ohms of C. The needle being 
free and at zero, insert plug in hole marked “‘ Inf.,” which 
will close the circuit through the galvanometer and re- 
sistance. If the cell is in good condition as to its electro- 
motive force, the needle will be deflected about 15 degrees or 
16 degrees for a gravity or a chloride cell, about 20 degrees to 

24 degrees for a Law or Leclanché cell, and 30 to 34 degrees 
for an electropoion or other strong acid-carbon-zinc cell. 
Should the deflections be much smaller than just indicated, 
the cell may be considered as more or less polarized, or 
exhausted. If it should give no deflection at all, even after 
inserting plugs in 700 and 300, it may be assumed that the 
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cell is absolutely worthless, or that there is a broken con- 
nection somewhere. The preceding is a test of the E. M. F. 
of the cell without reference to internal resistance. 

To Test for Its Resistance. —Take plug from ( and in- 
sert it in A (the short coil of the galvanometer). Insert 
all plugs in rheostat (except infinity plug). Now by in- 
serting the infinity plug a deflection will be observed, due 
toacurrent from the cell through the galvanometer on 
practically short circuit. A good gravity cell should give 
15 to 20 degrees, a good Law. or Leclanché 30 to 50 degrees, 
electropoion or other strong acid cell not less than 50 to 70 
degrees. The E. M. F. having been found to be right, the 
greater the deflection by this last arrangement the less the 
internal resistance of the cell. By adopting a standard 
cell of known E, M. F., the E. M. F. of the cell under test 
may be determined in volts, by simple proportion. 

Example: A Leclanché prism cell, the E. M. F. of which 
wus known to be 1.55 volt, gave with C coil and 1,000 
ohms unplugged a deflection of 22 degrees. The E. M. F. 
of a gravity cell which, through same arrangement, gave 


1,12+4 


volts, or, if greater accuracy is required, as this is a tangent 


a deflection of 16 degrees, would be 
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galvanometer, and currents are proportional to the tangents 
tang. 16degrees x 1.55 
~ tang. 22 degrees 
which, by consulting a table of tangents, is ee = 
1.10— volts, which is the E. M. F. of gravity cell under 
test. 

When one or both deflections are over 20 degrees it is 
necessary, if accurate results are desired, to use the tan- 
gents of the deflections as just shown. This is specially the 
case with large deflections. A standard cell of known and 
practically constant E. M. F. can be had from the manu- 
facturers of the testing set. Such a cell should hever he 
used for any other purpose than taking its deflection 
through 1,000 ohms with C coil of the galvanometer, so 
that another cell may be compared with it for E. M. F. as 





of the deflections, formula becomes 





Fic. 45.—FREY-BAILEY COMBINATION TESTING SET, 


before described. In fact it is nut necessarv to take deflec- 
tions with the standard cell, except occasionally, to be sure 
that no change has takea place in the sensitiveness of the 
galvanometer, for if it gives a deflection of 20 degreés one 
day it will give the same the next day; and the galva- 
nometer having thus been calibrated as giving 20 degrees 
deflection with the E. M. F. of the standard cell, this 
may be considered as a fixed factor in future tests and cal- 
culations. 

So, also, if a current of one ampére is once found to 
give a deflection through the A coil (with no resistance 
unplugged in the rheostat) of 38 degrees, it would be per- 
fectly simple to Cetermine what current is represented by 
any other deflections under same conditions, say 24 de- 
grees,,the formula being : 








tang. 24 degrees x 1.4452 X10 |) 
tang. 38 degrees 16 — ~! Smpere, 


this being the current produced by deflection 24 degrees. 
The deflection produced by a current of one ampére 
through the A coil is marked on a card inside the cover of 
each instrument. 

The resistance in ohms of a cell is determined as follows: 
First take its E. M. F. in volts, as before described, then 
take its deflection through A, with no resistance. 

Suppose that with the particular testing set employed 
one ampére gives 38 degrees, then 
tang. 38 degrees x E. M. F. (in volts) of cell under test _ 


1 X tang. of deflection of cell under test 
resistance of cells in ohms. 

For example: A cell gave E. M.F. of 1.5 volts and a 
deflection through A of 20 degrees, resistance of cell is 

tang. 38 degrees X 1.5 _ .7818 X 1.5 _ 1.17195 _ 
1X tang. 20degrees —«- 11 ~ X «.3640 ———t—C«CSGO 
3.2 ohms. 

The connecting wires should not offer much resistance 
or it will be necessary for accuracy to deduct their resist- 
ance from the result. 

In measuring the resistance of cells that polarize quickly 
on short circuit, their deflection should be taken as ex- 
peditiously as possible, or there will be quite an error in 
the result. By care and practice this can be accomplished. 
The measurement of internal resistance of inconstant bat- 
teries 1s difficult and unsatisfactory at best; those who are 
the best manipulators and take the greatest care will ob- 
tain the closest results. The coils in this instrument are 
adjusted within one part in 1,000 (one-tenth of one per 
cent. ). 

To Measure Resistance of a Line, Magnet, or Length of 
Wire.—-Attach the terminals to the binding posts at X. 
Take out the infinity plug. Connect a cell or two of bat- 
tery with binding posts at B. Then depress the key at the 
end of the hard rubber plate, and a deflection will be ob- 
served. The best results are obtained when this deflection 
is as near 45 degrees as possible. By putting the galva- 
nometer plug in A, then in Bor C, one of these will give de- 
flection nearer 45 degrees than the others. Insert the in- 
finity plug, take out the plugs in the rheostat till with key 
up, the same deflection is obtained as with key depressed, 
the resistance unplugged may now be read, and is equal to 
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that of the object being measured. In measuring an electro- 
magnet it should be connected by means of wires two or 
three feet long, for if the short terminals of the mag- 
net be connected directly in the binding posts at 
X, the magnet being but a short distance from the needle, 
and being energized by the measuring current, it will’so 
disturb the galvanometer needle as to render measurement 
very difficult, while the additional resistance of from four 
to six feet of No. 16 or No. 18 copper wire is so small as not 
to materially affect the accuracy of the result. Very little 
practice will indicate the particular galvanometer coil, A, 
B or C, for any particular case in any test. Also whether 
it be desirable to unplug resistanee in the rheostat, when 
testing for current in a line, which should be done where a 
strong current is known to exist. At Band G are three 
binding posts ; by connecting to the two outside ones the 
rheostat only is included in the circuit. B with the centre 
binding post—galvanometer and rheostat; G with the 
centre binding post—galvanometer alone. 

The infinity plug should be used for making and break- 
ing the circuit, when the rheostat is included, unless a key 
be inserted somewhere in the circuit, which latter is often 
found to be a great convenience. A little practice in the 
manner of inserting the infinity plug will enable one to 
bring the needle to its exact deflection very quickly, which 
is sometimes very important. The same observation as to its 
withdrawal will enable one to leave the needle at zero, 
without tedious waiting for its oscillations to diminish. 

Fig. 45 illustrates a testing set called the Frey-Bailey 
combination. This instrument is simply a modification of 
the regulation Bailey set, but owing to increased and more 
symmetrical dimensions than those pertaining to the older 
model it can be operated with greater accuracy and expe- 
dition. 

When measuring resistances with either of these testing 
sets, the method employed consists in first sending a cur- 
rent through the unknown resistance and preferred gal- 
va nometer coil, and noting deflection; and secondly, send- 
ing a current from the same source through the known or 
rheostat resistance and galvanometer, the rheostat being 
adjusted until the same deflection is produced, Obviously, 
X should then be equal to R. And so it is theoretically, 
but practically there exist two sources of error, either of 
which willdiminish the accuracy of the results. The tirst 
of these is an element of uncertainty concerning the exact 
deflection of the galvanometer needle in both tests, the sec- 
ond is the assumption that the battery has remained con- 
stant. 

Among the ‘‘old-timers” which are being rapidly and 
often undeservedly consigned to the ‘‘top shelf,” can be 
found a veteran testing set (Fig. 46), which, albeit limited 
to the measurement of resistances, deserves special notice, 

sinee it is equipped with that comparatively little used, 
and by the writer but superficially described, piece of ap- 
paratus, a differential galvanometer. 

This instrument is operated as follows: The battery is 
connected with two binding posts, and the resistance to be 
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measured with two others. When the contact key is de 
pressed, the current will take two paths. One of these 
paths is through X (the unknown resistance) and one of 
the galvanometer coils. The other path is through the 
rheostat and remaining galvanometer coil. 

The respective currentsin these two branches oppose each 
other when passing through the galvanometer, hence each 
exerts a contrary influence on the needle, and the stronger 
current of the two, which necessarily is the one passing 
through the lesser resistance, will prevail. Hence if the 
rheostat is regulated until the pointer attached to the 
needle remains at zero, X and R will be equal to each 
other, if the two galvanometer coils have each the same 
resistance, and will with the same current affect the g-|- 
vanometer needle equally, which is assumed to be the case. 

Of course no Wheatstone bridge may be used, and the 
readings of the rheostat will always be direct. To permit 
as great a range of measurement as possible, the coils 
aggregate 11,111 ohms, the lowest coil being a yy ohm. 

The great advantage of the differential method over the 
method of substitution previously explained is that the 
accuracy of results with the former is independent of the 
constancy of the battery employed. 
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Proceedings of the Providence Electric Light 
Convention. 


The thirteenth convention of the National Electric Light 
Association opened in Providence on Tuesday morning, 
Feb. 17. The previous day had seen the members of the 
association and their friends rapidly gathering from all 
quarters of the country. A considerable Western delega- 
tion was already on the ground, augmented by the local 
representatives and a band of the faithful, numbering 
some sixty, who hailed from New York and vicinity. By 
twos and threes they gathered, so that by Tuesday morn- 
ing there were both the evidence and the promise of a large 
and successful convention. Fortune, so kind to the associa- 
tion at Cape May in the matter of weather, proved some- 
what surly at Providence at first, and on Tuesday and a 
part of Wednesday greeted the representatives of Light 
with rain and gloom. On Wednesday forenoon, however, 

‘the skies brightened, and during the rest of their stay the 
delegates were treated to most charming weather. 

After the usual number of informal sessions in the cor- 
ridors of the Narragansett Hotel, which served as the 
headquarters, and the delays always to be expected, the 
first session opened on Tuesday in the fine lodge room of 
the Masonic Temple near the hotel. The convention was 
called to order a little before noon by President Marsden 
J. Perry, who, after a few cordial words of greeting to the 
members in the city of his own home, introduced the Hon. 
C.S. Smith, Mayor of Providence, who welcomed the 
delegates in the following brief but cordial speech: 

““T esteem it a high compliment to join with 
your president and extend to you ‘a welcome in be- 
half of our fellow-citizens, and we are highly honored by 
your presence. I wish very much that the conditions 
might have been more pleasant than they are. I certainly 
wish that your semi-annual convention could have been in 
the summer months, when we could have shown you the 
institutions peculiar to ourselves and fhe application of 
electricity as a motive power to better advantage. These 
institutions have a great future with us. Our city—not 
large in population—has industries, some of them of the 
finest, and many of them of the largest. I think. in the 
world. We are, perhaps, not so thoroughly acquainted with 
the subjects to be discussed here as many of us desire to 
be. There isan element in our community, like all others 
—a fear of death. Some men, by reason of their habits 
of life I may are always fearful of death: 
men often flee when ne man followeth, and before 
you get through with this convention we hope you will tell 
us whether there is any danger in this subject which you 
will so earnestly discuss—the application of electricity to 
the street car service. We need it very much in some 
form or other, and we are only endeavoring to tind out if 
death will ensue hourly by its application. (Laughter.) 
The subject which you will discuss Ihave no part in and 
know nothing about. Sometimes! speak of matters of 
which I have no knowledge. but not when I know I 
haven't. Therefore I do not undertake any part in this 
discussion. Undoubtedly, before your convention closes I 
shall know more than Ido to-day. I am therefore pre- 
pared to listen, and simply desire to express our gratifica- 
tion that so many are assembled with us in our city, to 
show you through our industries and also give you the 
tender care and loyal servive which I know the committee 
will render you, to make your stay pleasant and, I hope, 
profitable. I thank you.” (Applause.) 

The president then delivered his annual address. As will 
be seen from the full text which follows, it was a very 
thoughtful and clever paper. particularly appropriate to 
the occasion, 


say, 


ADDRESS OF THE PRESIDENT. 
At this our thirteenth convention we have a double 
duty to perform—a duty to the past, a duty for the 
future. We who are absorbed with dealing with the 


problems of to-day, and in attempting to reach a little way 
into the future by anticipating the demands that may be 
made upon us, can well afford to pause a moment to pay a 
fitting tribute to those whose labors in the past have made 
our present possible. 

We are here to pay the pioneers of the electrical indus- 
tries a tribute of intelligent appreciation and to recog- 
nize in a formal manner the magnificent realization of 
the inventors’ hopes and the scientists’ dreams ; to erect 
a milestone that shall mark the closing of the first de- 
cade of the practical commercial application of electricity, 
a development which has shown grander results than ever 
before known in the industrial history of the world. I ask 
you to step back a few years to the time when no electrical 
work, as we now know it, was in existence, and from that 
standpoint measure the meaning and value of what has 
been done, 

We are told that Franklin’s kite experiment was made 
in 1752, and that in 1753 he invented the lightning rod. 
The age of electricity may be reckoned from that date. 

In the year 85 A. F. (after Franklin) the first electrical 
company in the world was incorporated by a charter 
granted by the State of Rhode Island. This charter was 
granted in June, 1838, to E. J. Mallett and his associates, 
successors and assigns. By whose genius it was conceived, 
and what became of those aborigines of the electrical age, 
| cannot tell you. That Mr. Mallett and his associates, who- 
ever they were (no other name is mentioned in the charter), 
were true prophets of science and industry, is unmis- 
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takably shown in their marvelous conception of the pos- 
sibilities of their undertaking. The third section of their 
charter is as follows: 

‘* The said corporation shall have power to cause exper- 
ments to be made in electromagnetism, magnetism and gal- 
vanism, with a view of the development of said sciences 
as a motive power for machinery or other useful purposes; 
also, to manufacture the necessary machinery and other 
apparatus therefor, to build and construct boats, vessels, 
railroad cars and engines to be moved by electromagnet- 
ism, magnetism and galvanism.” 

Has any one to-day a broader view of the possibilities of 
electric power than this ? 

In selecting Providence for a meeting place of your 
thirteenth convention you builded better than you knew. 
You not only at this time celebrate the first decade of elec- 
tric lighting, but you celebrate it in the birthplace of far- 
reaching appreciation of electric power. 

In the year 91, after Franklin, Morse constructed the 
first practical telegraph line. He connected Washing- 
ton with Baltimore by telegraph in 1844. Seven years be- 
fore that he exhibited his telegraph in the University of 
New York. 


Between invention and success there were 
seven years of working and waiting. 
In the year 113, after Franklin, Field laid the first 


successful ocean cable (in 1866). Eight years before a 
cable was laid, which operated but a few weeks. Before 
success were years of patient, courageous work, such as 
man has seldom had the power to endure. 

In the year 122, after Franklin, Bell gave the tele- 
phone to society (in 1875) and made all the people of* 
the town neighbors. His years of faithful work preceding 
crowning success are well remembered. 

In the year 125, after Franklin, Brush exhibited a light 
that caused people to think that the sun had forgotten 
to set at the ordained hour. The first time the public ever 
saw lamps burning in series was at the exhibition of the 
American Institute held at New York Sept. 11 to Nov. 23, 
1878. 

Two isolated plants were then sold, consisting of a six- 
light Brush dynamo and six series lamps. One went to 
Messrs. Losier & Co,, dry goods merchants, of Brooklyn, 
N. Y. The other went to Messrs. Freeland, Loomis & Co., 
Continental Clothing House, in Boston, Mass. 

The tirst are light central station was installed by the 
California Electric Light Company, of San Francisco, in 
1879. 

In the year 127, after Franklin, Edison divided the 
electric current and produced miniature suns that might 
be placed wherever more light was desired for use or 
pleasure. 

The first Edison isolated plant was installed in the print- 
ing establishment of the Hinds & Ketchum Company. 
Brooklyn, N. Y. A paragraph in a circular issued by this 
company under date of Feb, 1, 1881, is as follows: 

** Our building is 40 x 160, four floors, lighted on all 
sides and fitted throughout with Edison incandescent 
lights, operated bya special dynamo-electric machine oper- 
ated on the premises. We are the first manufacturers in 
the world to put into practical operation this great triumph 
of American genius, which is a true substitute for day 
light (showing all colors in their natural hues), and our 
friends are invited to call and see the operation of Profes- 
sor Edison’s wonderful subdivision of the electric current 
and vacuum lamp.” 

Mr. Hinds writes : * I think the proudest moment of my 
life was when I turned on the switch for the first time and 
saw the room lighted up by what seemed to be the greatest 
wonder of the world, the incandescent lamp.” 

The first steamship electric plant was one of Edison’s, in- 
stalled with 120 lamps, in the steamship ‘‘Columbia,” of 
the Oregon Railroad and Navigation Company, Jan. 10, 
1881. 

The first Edison central station was installed with 4,000 
lamps in Pearl street. New York City, Sept. 4, 1882. To 
start this plant Edison had to overcome more than elec- 
trical, mechanical and financial difficulties. He had New 
York aldermen to deal with. The following occurs in an 
interview with Edison, published in the New York Herald 
Jan, 20, 1881: 

**When will you be ready to light New York? Edison 
replies: *‘ lam ready now, but we have nopermit. . 

I find it hard to get the requisite aldermanic permission. 
The company laid an application before the board, . . 
The application was referred to the laws committee, and 
was reported back saddled with conditions which savor of 
a body of gas men rather than public servants. They 
wanted, in the first place, the company to pay ten cents 
per lineal foot for all wire laid down, That would be 
twenty cents for every foot of street, for we would run 
wires on both sides, That is over $1,000 a mile. 

This, too, when gas companies pay not a cent. The second 
clause was that we should light the streets at 10 per cent. 
above the actual ccst. . . . The third clause was that 
after five years three per cent. of gross receipts shall go to 
the city.” 

This is an example of encouragement given by the first 
city in America to American genius, skill and enterprise. 

Teu years ago the only electric currents in use were the 
feeble currents of the telegraph and telephone. There was 
then not a lineman nor a workman of any kind who had 
ever heard of the high-tension currents we are using to- 
day for the services of light and power. No man had ever 
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handled conductors carrying such currents nor manu- 
facturing apparatus for operating them except in an 
experimental way. There was not an educational institu- 
tion giving a course of technical training in electrical en- 
gineering. Consider this, and then behold what has been 
accomplished in the first decade of electric lighting, a 
period of time no longer than Morse, Field and Bell were 
compelled to wait and work to span the chasm lying 
between invention and practical success. 

Confine your observation exclusively to the United 
States and you will find the electric light in use by 
6,000 isolated plants, 700 steamboats of American reg- 
ister, 350 gas companies furnishing electric light and 
power, 200 street railroads operated by electric power, 
and 1,500 electric lighting and power stations. Facts 
like these need no embellishment to make them eloquent. 

Now look beyond the limits of this country and see the 
development of electrical industry throughout the world 
during this first decade. Never before has such a trans- 
formation taken place. And this is not the end of it, but 
the beginning of things that are to be. 

American genius, skill and pluck have in all departments 
of industry secured within this century benefits of high 
value for all mankind. 'That this truth may be known for all 
time, it is our duty to preserve in the most instructive form 
proper records of the achievements of all American indus- 
trial pioneers. Soon a fitting opportunity will present 
itself for the celebration of the first 100 years by duly honor- 
ing the beginning of the second century of the American 
patent system. In that grand marshaling of those who made 
prophecies and who fulfilled them, who had the genius to 
see and the skill, courage and patience to execute, we must 
see to it that electrical workers occupy their rightful place 
of honor. ‘The interest begun here should reach full tide, 
and should culminate in placing in the National Museum at 
Washington a collection of drawings, models, relics, etc., 
illustrating the birth and development of electric in- 


dustries in America. Such a collection would give 
at a glance to the unskilled workman or the 
general public an intelligent idea of the successive 


steps of progress and invention and construction that 
have led from the beginning of the telegraph and tel- 
ephone _ to systems of communication as at 
present perfected; from the first production of an. 
electric spark to the light we now have; from 
the first lifting of a weight by an electromagnet to 
the present marvelous manifestations in the distribu 
tion of electric power, It is of the highest importance 
that such a collection be made and preserved, not alone 
for the instruction of the people of our own time, but as a 
history for all, written in the form of the things we use, thus 
enabling future investigators to determine the relative in- 
fluence of the electrical industries in forming the character 


those 


of our civilization and in enhancing the degree of our 


prosperity. 

One point is worthy of emphasis while engaged in this 
review. This is the year 138 after Franklin, Would society 
consent to be put back to the conditions it was in when 
Franklin made his kite experiment, if it could thereby re- 
cover from the pioneers in electrical work all that they 
have personally retained from the wealth that has been 
created by developments from their initial undertakings * 
No, not for a single day. They have given to society bene- 
tits a thousand times more valuable than all they have re- 
ceived or that it is possible to confer upon them, Their 
services are of that divine order in the measuring of which 
money values are impotent. Limits of time and space are 
unknown to them. They are with us, and others, but they 
take cognizance of no country, no race or generation. 
Their field is the universe, The benefits of their 
service are for all men. They receive tribute of 
grateful honor from all intelligence. Their work is 
of the past; our work is for the future, What report 
shall be made at the celebration of the close of the second 
decade of electric lighting and power? The first Edison 
station has increased its capacity from 4,000 to 15,000 lamps 
in eight years. At this rate of increase this plant will be 
supplying 60,000 lamps ten years hence. We cannot 
measure the limits of future developments. We have done 
much, but we have produced only a sample of what is to 
he, An observer states that there is not a plant in existence 
having a sufficient capacity to supply one-twentieth of the 
demand for ight and power that now exists within practi- 
cal working limits of its area of distribution. If this be 
true, then within ten years, if each station is to fully oc- 
cupy its territory and keep pace with the growth of popu- 
lation, its capacity must be increased many times. 

The central station men of this country do not realize 
the possibilities of development that lie before them. 
They do not see many sources of income that are as yet un- 
touched. The accelerated pace at which progress is now 
moving will render the work of the next ten years enor- 
mously greater than all that was accomplished during 138 
years after Franklin. The car of progress will not stop 
for us any more than it did for those who were before us. 
We have given it momentum, but we cannot hinder it. 
Let it be our ambition then, as it is our duty, to supply 
every demand for every kind of light and power service 
within reach of our stations, Those of you who do not 


do this will induce competitors to come within your 
limits, to divide your business and erect an obstacle in the 
way of your growth that can be overcome only by buying 
To-day the whole territory 


out or selling to the intruder. 
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is yours to hold, to occupy, to serve. Be the equal of your 
opportunity, and at the second decennial celebration of 
electric light and power the capacity of your plant may 
be many times what it is to-day. 

The records of the beginning of the electrical industries 
are being written for the imperishable pages of history. 
We have gained the strength of the difficulties that have 
been overcome, like the armies of volunteers that made 
ours a free nation. The forces now engaged in electrical 
work were recruited from every avocation. To-day over 
thirty educational institutions of high grade are preparing 
the best brains among young men to doscientific and tech- 
nical work, The practical American workman, who has 
proved by what he has done that his rank is second to 
none, the peer of the skilled workmen of the world, is edu- 
cating his helpers arid associates in the practical school of 
daily occupation. 

Enterprise is very young. We are incidents. An indus- 
try, like human-energy and force, will go on forever; 
when we tire out_and seek our rest younger men will be 
eager to fill our places. Let us, then, begin where we 
may. Let us honor ourselves by fulfilling our double duty, 
which is to duly honor those who have placed us under 
obligation for the work they have done in the past, and so 
to do our work that our successors shall have equal cause 
for honoring us. 

After the applause that followed the president’s address 
had subsided, the secretary of the association read several 
kindly letters of invitation to the delegates and their 
friends, 

Through the courtesy of Mr. Gardiner C, Sims, the Union 
Club extended the hospitality of its fine club house ; the 
Providence Board of Trade offered the delegates the use of 
its rooms ; the Telephone Company offered the freedom of 
its exchange, and several manufacturing companies threw 
wide their doors to those of the delegates who cared to 
visit them, Mr. Eugene F, Phillips, with his usual hearti- 
ness, extended a general invitation to the delegates to par- 
ticipate in a house warming at the new factory of The 
American Electrical Company on Thursday evening. In 
addition to this attractive programme of festivities, the 
American Institute of Electrical Engineers of New York, 
through its secretary, Mr. Ralph W. Pope, invited such 
members of the association as found it practicable to attend 
the next meeting of the Institute in New York, Feb. 
24, on which occasion Mr. O. T. Crosby would read a paper 
on his remarkable experiments on electric traction at 120 
miles an hour; and in striking contrast Thomas Daven- 
port’s original model of an electric railroad is to be shown 
in operation. 

The president then called for the report of the com- 
mittee on the copper tariff. Mr. C. A. Brown, the chair- 
man, said that his committee had practically no report to 
make. At the last convention they reported the progress 
up to date, and since that time the passage of the McKinley 
bill has lowered the rate of duty on copper to something 
like 20 per cent. of what it formerly was. The McKinley 
bill having now become a law, and no further action being 
required at the hands of the committee, Mr. Brown sug- 
gested that the committee be discharged. On motion this 
was done. 

Mr. Brown then read a telegram from Mr. J. P. Barrett, 
chief of the electrical section of the World’s Colum- 
bian Exposition, regretting his inability to attend the con- 
vention and sending his best wishes for the success of the 
meeting. 

Next in the order of business was the following paper on 


ELECTRIC LIGHTING AS APPLIED TO STEAM RAILROADS. 


By W. H. Markland, 


Among the first to make use of the advantages afforded 
by electric lighting were the steam railroads; not as a 
means for lighting trains, but for lighting buildings, etc. 
In the year 1881 the Pennsylvania Railroad introduced its 
first electric lighting plant in a new shop in Altoona, That 
proved quite a success. It might also be mentioned that 
the same dynamo and lamps are in use to-day. In the 
year 1885 the Pennsylvania Railroad commenced lighting 
its depot shed in Altoona by are electric light from its own 
dynames, which proved a success as compared with the 
previous gas light, although it was crude to what the com- 
pany now has. 

The question then presented itself : Can freight yards be 
successfully lighted by electricity to reduce accidents, 
facilitate business and prevent breakage of cars and con- 
tents’ The two latter items are quite a money considera- 
tion on any railroad. Some previous attempts had been 
made at lighting railroad yards by electricity, but without 
much success previous to the attempt in Altoona. I 
speak particularly of the Pennsylvania Railroad in Altoona, 
as I am very familiar with the lighting that has been done 
there, and also because what the Pennsylvania Railroad 
does is liable to be copied by other roads; and we some- 
times get good ideas from other roads. 

In Altoona, when drawing up the plan for lighting the 
yards, the question presented itself : How high and how 
near together shall the lights be placed? the problem of 
lighting the freight yard being more complicated than 
lighting a city ; as in lighting a city lamps can generally 
be placed at street corners and quite low, the general 
public being not over-particular, so that under, or near, 
the lamp the light is quite brilliant, but in the space be- 
tween lamps there is less brilliancy. 


THE ELECTRICAL WORLD. 


For lighting, where engineers and trainmen have to 
work, it is not the brilliant light tnat is wanted, but the 
evenly distributed light. If a light be too brilliant, train- 
men when near Jamps will be partially blinded, as we 
might call it, for a short time; so in the event of their 
leaving a lighted space it would be difficult for them to 
distinguish objects or signals and would lead to com- 
plaints. 

In order to getan evenly distributed light, lamps, in Al- 
toona, were placed on top of 65-foot poles, these being 
about eight feet in the ground, and set so as to illuminate 
switches and crossovers where the yards were {narrow. 
Where yards were wide and long, lamps were placed about 
600 feet apart, a row on one side of the yard and a row in 
a broad alley that was wisely left between, tracks near the 
opposite side of the yard, the lights of the two rows being 
zig-zagged to prevent shadows and to better diffuse the 
light. This plan of lighting does not make a brilliant light 
at any point, it being possible, but difficult, to read fine 
print. A light more like moon light was the result, and 
proved very good in practice. Even a clear globe was ob- 
jectionable on account of the shadows of side arms. A 
lower-half ground globe was preferable, it having been 
proved by experience that it was better to lose a little light 
than to have shadows, 

One noticeable result followed the introduction of this 
light. It enabled the car inspectors to examine cars much 
more thoroughly, and, as you all know, perfect car inspec- 
tion is very important. A decreased amount of pilferage 
also followed, as the watchmen were able to see persous 
at a great distance at night. The breakage of cars and 


etheir contents was but little, if any, greater at night than 


in day time. I cannot say how much money wassaved by 
the introduction of the electric light from pilferage and 
breakage of cars and contents, yet I believe it was really 
more than the cost of maintaining the lights. 

Undoubtedly the introduction of the electric light has 
prevented accidents to employés; of course I cannot say to 
what extent. 

The electric lights are certainly a great help in shifting 
cars, as it enables the trainmen to see the tracks and po- 
sition of switch points about as well at night as in the 
day time, on account of the light shining on'the top of the 
rails, they being generally bright from passage over them, 
making a sort of reflector, Also in coupling and dropping 
cars it enables the brakemen to gauge the distance the 
cars are apart fully as well at night as in the day time, so 
cars can be coupled without any more jar or danger than 
by daylight. It also assists in dropping or switching cars 
very fast, as is often necessary during a time of increased 
traftic. It enables the switchmen in the towers to tell when 
a car is over a switch, so that they can quickly throw the 
switches with less danger of throwing the cars off the 
track or on the wrong track. 

A few words about the erection of arc lamps and poles 
for freight yards. Poles must be very well set in the 
ground, and guyed so as not to sway from heavy rolling 
stock passing, or from wind, The poles, being high, receive 
the full benefit of the wind. A good, true chestnut pole 
for lamps, if possible to obtain, answers very well. They 
will cost when shaved, stepped and erected with hood 
about $35. The price will be governed largely by the cost 
of timber. Short poles must also be well put up, so that 
there may be no breaks. 

Railroad people are very exacting; it does not do to have 
any stops or shut-downs. The lamps must be kept in good 
order. Maintaining arc lamps near railroads is quite dif- 
ferent from maintaining lamps in most stores. If there is 
a poorly insulated part in the lamp, the soot will soon find 
a path for the current across the poor insulation, and out 
goes your lamp. Your cut-out contacts will corrode very 
fast. When it comes to your rods, expect to have a lot of 
dirty ones. In a railroad yard there are things to contend 
with not common with most lighting, and that is smoke 
and steam. I have seen poles covered from one end to 
other with a film of soot from engines. This in getting on 
the hanger boards is sure to make escapes unless the in- 
sulation be very good. The insulation should also be good 
to enable the inspector to work at a lamp, in case of its 
failing to burn, when the current is on. 

Get a good, reliable, direct-current double carbon arc 
lamp that is well insulated. A lamp that is heavy, bulky, 
or having liquids is not well adapted for the purpose, on 
account of the difficulty of carrying it up the pole. Do 
not rely on the hooks of lamps for connection between the 
lamp and the hanger board, or they will corrode and 
cause trouble. It is better to always put a piece of flexible 
wire from the hanger board to the lamp to carry the 
current. Always use a good insulated wire aud good in- 
sulators when running up poles or side arms. It is better 
to splice on a piece of the very best insulated wire. Ex- 
perience has proved that the wooden part of hanger boards 
is better for having some waterproof insulation between it 
and the side irons to prevent leaks. 

I do not favor double-pole switches on hanger boards in 
freight yards, as they require extra contacts, the brass work 
of which soon corrodes so as not to make good connections 
and leads to trouble, 

The dynamo should be self-regulating and easily kept in 
order. As there may be 100 lamps, taking, say, two dyna- 
mos for all lighting at one point, it is better to put a little 
more money into dynamos than to pay high wages to the 
dynamo tender, 
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Keep as far away from telegraph and telephone lines as 
possible. If any damage is done to either of the above, the 
railroad generally gets the worst of the suit. 

If you are goirig to hire the lights from a central station, 
see that they give you good work, and make a contract 
with a rebate and fine for the time lights are out. 

If you once properly put electric lights in a freight yard, 
you will never get them out again ; the trainmen will not 
stand it,as they would be in the dark in more senses than one 
if the lights weretaken away. But if the lights are not prop- 
erly put in, say, on low poles, under 40 feet above ground, or 
not properly spaced, the chances are there will be com- 
plaints on account of too much light at some one point 
and too much darkness at some other point. Great care 
should be taken to place lamps so they will not interfere 
with signals. I have seen cases where electric lights were 
so placed that a signal could not be properly distinguished 
on account of the electric light shining on the lenses and 
blending the colors. A case like this cun generally be 
avoided by placing some arrangement so the electric light 
will not shine on the signal. 

The electric light is rather a help to distinguish the posi- 
tion of the semaphore arm, although trainmen at night 
look for the color of the lens rather than the position of 
the arm. 

The electric light is something of a help in distinguish- 
ing the switch signals, on account of the lights shining on 
the lenses. These being low, the light will rarely show 
through them. 

If 1t comes to a question of moving an electric light or a 
signal, you will find that the electric light will have to go 
every time, as railroads will not allow any interference 
with signals. 

If you go too high, you will not get the full benefit of the 
light, as has been proved where the tower system of light- 
ing is in use. 

In laying out freight yards, a broad alley, say 12 feet be- 
tween tracks, should be allowed for placing the lamp poles, 
where the yards are over 300 feet wide. 

As to the other uses for electric lights for railroads, I do 
not know. I do not know that there is much out of the 
regularrun. The light is used quite extensively for lighting 
depot sheds, where it is more economical than gas and de- 
cidedly better. This class of installation requires the very 
best of work and insulation, as the smoke and steam nui- 
sance enters inhere. Even though depot sheds are dry in- 
side, porcelain knobs should not be used, glass with a double 
petticoat being the only kind now on the market that 
answers the requirements well, on account of the soot 
settling on the insulators. 

It does not do to have a depot in darkness; for that reason 
a depot shed should be wired with two complete circuits, 
having every alternate lamp connected to one circuit and 
the remainder to the other. Then, in the event of a break 
in the wire, only one-half the lights are out. 

Experience has proved that the arc light is much supe- 
rior to the incandescent for depot shed lighting. With in- 
candescent lights the necessary volume of light is costly to 
maintain, and also the globes of incandescent Jamps 
soon become dirty from steam and smoke, which inter- 
feres with the light, or if cleaned off necessitates consider- 
able labor. 

For freight transfer stations the arc light is very satis. 
factory. It enables the men to quickly distinguish marks 
on merchandise and also enables the foremen to see what the 
men are doing, preventing loafing. One 2,000 nominal can- 
dle power arc lamp to about 1,500 square feet of floor space 
will generally light a transfer station where lamps can be 
zig-zagged. Where transfer stations are narrow more light 
per square foot should be allowed. On a platform about 
10 feet wide, as they generally are, one light every 60 feet 
gives goed illumination. 

I doubt if the arc light can compete with gas for this pur- 
pose as far as cost is concerned, taking transfer stations 
as they are generally lighted by gas and as they should be 
lighted by are lights. Yet I believe, taking the amount 
saved in labor and from pilferage, that the electric lights 
more than pay for themselves, 

Another point comes in here. We all know that ona 
wet, dark day we do not feel inclined to work as we doon 
a bright, sunny day. The same is the case at night; if 
you give men good light it brightens their spirits up and 
they will work much more cheerfully; and getting men 
cheerful means more work done. 

For offices and shops the electric light is used considera- 
bly, much the same as for other places of like nature. 

I hear that an electric headlight has lately been brought 
out which it is claimed will illuminate a track for a'mile or 
more. lam of the opinion that the light will not come 
into general use. In the first place, a light for this purpose 
should not be too strong, or it will blind an engineer com- 
ing in the opposite direction, this being a serious objection. 
Most of the roads east of the Ohioare not very straight, and 
the chances are that while on curves the neighboring corn- 
field will receive more light than the track ahead, as no 
one has invented a light that will show around the corner. 

If any inventor wishes to get up an electric locomotive 
headlight, let him confine himself to one of low candle 
power—the present ones are about 20 c.p. I do not 
think one of over 100 c. p. will be in demand until rail- 
roads are illuminated from one end to the other by electric 
light, which will be the case in the future, and then perhaps 
the headlight will no‘ be required, 
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These points are necessary for an electric headlight : 
First, and all important, reliability; second, simplicity. 
Economy you can leave out. If you can get 50 per cent. 
of what can be attained in a station, it will do. One thing 
must be borne in mind—engineers are not electricians. 
Thus a dynamo and lamp must be as simple as the air- 
brake, and no more liable to get out of order. 

The experiment has been tried of lighting cars by elec- 
tricity. While it has proved a success in some cases, as 
far as convenience is concerned, financially it has not 
proved a success. Electric lighting of trains is a luxury 
to-day, and will continue to be until some more economi- 
cal plan is invented. The advance that is being made 
with the use of gas as an illuminant for cars is leaving 
electricity behind. From the best information I can get, it 
costs 50 cents per hour to light a car by electricity frem 
storage batteries, against five cents per hour from carbu- 
reted air. 

The electric light is used to some extent by different 
railroads for lighting wrecks or any construction work 
that requires night work. For this purpose the Pennsyl- 
vania Railroad and the Cumberland Valley road have a car 
fitted up with boiler, dynamo, engine, water tanks and 
coal bunker, and all the tools necessary for a central station. 
With a car of this description, quick work in getting lamps 
in place is all important. In one case, after the Johnstown 
flood, I, with the help of:four men and the engineer, put up 
six arc lamps, put up the poles for the lamps, which were 
designed for the purpose and carried on the car, ran the 
wire, coupled up the lamps, and had the lamps going in 35 
minutes from the time we, with the car, lamps, poles and 
wire, arrived on the ground. The lights were distributed 
some distance, one being about one-third of a mile away. 
I doubt if construction work was ever done quicker. 

I will not go into a description of this car, as it was very 
ably explained by Mr. W. F. Taylor, of Altoona, at the 
convention of railroad telegraph superintendents at Niagara 
Falls, June 19, 1890. 

To give an idea of what the Pennsylvania Railroad Com- 
pany thioks of the electric light, I might say that its new 
Juniata shops at Altoona, having about 100,000 square feet 
of floor space, are lighted entirely by the electric light ; 
there is not a pipe for illuminating gas in any of the build- 
ings. All the traveling cranes are run by electricity. 

The Pennsylvania Railroad Company believes that good 
electric work pays. 
lated, has more reliable or better designed appliances, or 
more artistic work than can be found at the Juniata shops 
of that company. 

In the discussion which followed Mr. A. J. De Camp 
said that the Pennsylvania Railroad Company, with 
which Mr. Markland was connected, bad expended a large 
amount of money in trying to illuminate cars, not only by 
electricity but also by oil and by various kinds of gas ap- 
paratus. The speaker had had some knowledge at the 
time of their efforts in the use of the storage battery, but 
of the more recent experiments he had heard little, and he 
asked Mr. Markland if he was at liberty to state what were 
the actual conclusions of the Pennsylvania Company as to 
the relative merits of electric and other forms of train 
lighting ; and more especially whether they had reached 
any definite conclusions as to the best ntethod of electric 
lighting—whether by battery or by dynamo, or by both. 

Mr. Markland replied that the question of train lighting 
by electricity was a little out of his department, but that 
some six or seven years ago the first experiments were 
tried with the Brush storage battery placed under the 
cars and charged at the terminal station. Afterwards nine 
or ten cars were in use between Jersey City and Philadel- 
phia lighted on the same system, and the plan worked 
fairly well, but there was always the difficulty that the 
light under unusually severe service might fail; so that 
finally all these storage battery equipments have been dis- 
carded and gas used_instead. The Pennsylvania Limited 
train, however, lighted by a dynamo in the baggage car 
charging storage batteries on the cars, is a more success- 
ful example of electric train lighting. The lighting secured 
is admirable, but the cost, in Mr. Markland’s opinion, is 
heavy. About the time electric train lighting was first 
suggested several new and very economical systems of gas 
lighting appeared, and in the final result the cost of light- 
ing by electricity has proved, Mr. Markland thought, to be 
much greater than by gas. 

Mr. Burleigh and Mr. Francisco contributed some sug- 
gestions derived from their own experience, and re-enforc- 
ing Mr. Markland’s position as regards the best method of 
yard and station lighting. Mr. Francisco said that the 
principal difficulty he had to encounter in railroad lighting 
was met in the roundhouses. Every engine that comes 
into the house adds its contingent of dirt, soot and steam 
+o the amount already deposited on the lamps, so that the 
whole top of the building and everything about it got cov- 
ered with soot, and the result was frequent short circuits 
in the lamps. Aside from thefroundhouses, no difficulty 
was met with. : 

Mr. R. W. Pope raised the question of the safety of elec- 
tric train lighting as a factor in its desirability for general 
use, and mentioned one or two serious accidents that had 
recently come from the explosion of gas apparatus used 
in lighting cars on the Central Railroad of New Jersey at 
Jersey City. ' 

Mr. DeCamp made the pertinent suggestion that the 
question with the railroad companies was not entirely one 


I doubt if any station, central or iso-* 
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of cost, but relative cost of electric and gas lighting. The 
former illuminant undoubtedly costs more, but it may be 
worth the difference in price. The speaker’s experience 
had led him to believe that one of the great difficulties met 
by central station men was in bringing the public to un- 
derstand that the element in which they dealt costs money. 
It is difficult to bring the public to appreciate that fact, 
but when corporations like these railway companies, who 
are working for their own interests and not trying to 
make a profit from the community on their electric lights, 
put themselves on record as to the cost of maintaining 
them, it brings the fact of cost home to the community 
far more forcibly than anything that could be said by cen- 
tral station managers. 

These remarks closed the session, and then, after the 
president extended a cordial invitation to the delegates to 
look over the fine station of the Narragansett Electric 
Lighting Company, an illustrated description of which 
appeared in the last issue of THE ELECTRICAL WORLD, the 
meeting adjourned, to be resumed in the afternoon. 


The first business of the second session was the reading 
by President Perry of the following 


REPORT OF THE COMMITTEK ON UNDERGROUND CONDUITS AND 
CONDUCTORS. 

The committee on underground conductors begs to submit the 
following report for the last half year. The change which was 
made recently in the chairmanship of this committee delayed, toa 
great extent, any active work on its part. The further delay in 
getting our printed matter, which it wis ivtended to send to all 
companies operating underground conductors, has left us without 
any information on the subject in hand. It was proposed to follow 
out the lines indicated in the report of the committee at the twelfth 
convention. Only one company has reported, viz , the Chicago 
Arc Light and Power Company, which reports as follows : 

Miles of duct occupied by bigh tension underground conductors, 
2814; miles of lead-covered cable in ducts, 79; miles of cable in iron 
pipe or bracketed under sidewalks for distribution, 72; total num- 
ber of miles of underground high tension cable, 151. Total number 
of cases of trouble on underground cable, 1890, 31, divided as fol- 
lews: Result of mechanical injury, 18; result of defective joints, 4; 
result of defective insulation, 2; other burnouts, causes not ac- 
curately determined, 7. . 

During the year 1890, 33, miles of underground conductors 
were laid by this company, and during that period there was one 
case of trouble on this 33,5, miles, the trouble being in a defective 
joint. They further report that their rebates during the year for 
defective service amounted to one-third of one per cent. of the 
gross earnings; and they estimate that possibiy one-third of these 
rebates are attributable to circuit trouble; the balance to defective 
lamps, dynamo and engine troubles, and miscellaneous causes. 

The longest underground circuit is 74% miles from pole to pole 
and carries an electromotive force of 2,500 volts. They add that 
blizzards have not in any way affected their service. 

The committee in offering this report realizes that the informa 
tion is of a very meagre character, but is of the opinion that if 
similar reports, or still fuller reports, could be had from all com- 
panies operating underground conductors, very interesting and 
instructive data could be laid before the convention; and they 
request that when questions are published and sent to various 
companies, they will receive attention, and that the information 
required will be given fully and cheerfully by all those whom the 
circulars may reach. 

The report was adopted and the committee discharged. 

Mr. E. R. Weeks, of Kansas City, then read the 
REPORT ON THE RELATION BETWEEN MANUFACTURING COMPANIES 

AND CENTRAL STATYONS. 

The functions of this committee are almost defined by its title. 
The idea of and the necessity for this committee is to have a rec- 
ognized counsel for mutual conference and conciliation in case 
either a manufacturing or acentral station company should feel 
aggrieved by the business methods of those with whom they may 
have dealings or be called upon to contend in business competition. 
In cases of this kind, the committee can take no action unless re- 
quested so to do by one of the aggrieved parties. No such appeal 
has been made to the committee, 

This committee is also intended to represent the general interests 
of central station companies in case of unwarrantable competition 
in cutting prices for public lighting contracts, or to secure fran- 
chise rights in a town where a company is already in active oper- 
ation and ready to perform all forms of service required at reason- 
able rates. Your committee is glad to state that no case of this 
kind has been brought to its notice since the twelfth convention. 
It has, therefore, not been called upon to use the influence of the 
association in that direction. 

It is thought advisable to continue the committee as one of the 
standing committees of the association. The time may come again, 
as it has certainly existed in the past, when it will be necessary for 
this committee to exercise functions such as those indicated, or 
conduct negotiations of a different character under instructions 
from the association. 

The motion to receive the report and adopt its sugges- 
tions and to continue the committee was carried. 

Judge Armstrong then read the following paper on 
THE DISTRIBUTION OF STEAM FROM THE CENTRAL 

By F. H. Prentiss. 

What has the distribution of steam from a central sta- 
tion to do with electric lighting? This question can be 
answered much after the Yankee fashion of asking another: 
What have coal tar, ammonia and aniline dyes to do with 
making gas? These articles are by-products in the manu- 
facture, which were once thrown away as useless, but 
which have now a value hardly second to that of the gas 
itself. Is it not true that the exhaust steam of electric 
light engines is a by-product in the making of light, and 
for heating purposes has a value scarcely less than the 
electric light itself? Since in a steam engine the amount 
of heat converted into work is relatively very small, the 
value of the by-product or the exhaust steam is too large 
to suffer neglect. It is only a question of finding a market 
for it, and obviously this can only be done by a system of 
distribution from a central station. Will it pay to market 
this by-product? The answer to this question depends 
upon many complications and varied circumstances which 
in no two plants would be found alike, 
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The history of commercial electric lighting covers hardly 
a decade. The same is true of the sale of steam from 
underground pipes radiating from a central station. In 
both of these enterprises frequent failures have been 
met with and many lessons learned. I believe it is a fact, 
however, that all present existing steam companies more 
than pay expenses. A few have paid dividends while 
many have been obliged to reinvest their earnings in 
improvements or in remedying defects in original con- 
struction. The very few absolute failures have been due 
to faulty design or defective engineering at the start. In 
the city of New York two companies were started less than 
ten years ago, one of which, owing to faulty design, failed 
and gave up business; the other, known as the New York 
Steam Company, is supplying steam for power and heat- 
ing to nearly seven hundred consumers, and sells the pro- 
duct annually of more than 100,000 tons of coal burned 
under boilers aggregating nearly 20,000 h. p. 

In its distribution of steam through underground pipes 
the company has had many obstacles to contend with, the 
chief trouble having been the’securing of absolutely tight 
joints. This difficulty has been completely removed by 
the method employed during the last four or five years, as is 
well attested by the net-work of pipes on Madison avenue 
and the adjoining streets, between Fifty-third nad 
Seventieth streets, where nearly three miles of pipe are in 
perfect operating condition and practically without a leak. 
The engineering difficulties which in an enterprise of this 
kind would strike one as more difficult to provide for, 
namely, the expansion of the pipe and the losses due to 
radiation, were most perfectly provided for at the start, 
and therefore, with the improvements which have been 
attained through practical experience of nearly ten years, 
the system has been brought to a state of perfection where 
in new work but little more can be desired. The pioneer 
work has been done, and the electric lighting companies 
are therefore in a position to reap the advantage of the ex- 
perience gained, and to begin their work where the steam 
companies have left off, and can therefore feel certain in 
seeking for a market for their by-product (their exhaust 
steam) to meet with no mechanical difficulties of construc- 
tion. 

The joining of two enterprises together such as electric 
lighting and the distribution of steam from central stations 
has both its advantages and its defects, and we must weigh 
one against the other. The electric light station is already 
in possession of its boiler house equipment, and for this rea- 
son has much less to charge up to the construction expense 
of steam distribution than a steam company, since its 
boilers are available for supplying steam directly to the 
street mains, when light is not called for or when the en- 
gine load is at a minimum, and can furthermore, by proper 
adaptation, deliver the exhaust steam from the engine into 
the street mains, and for the purpose of heating recover 
the larger portion of the original heat value of the steam. 
Again, in acombined plant the general expenses of man- 
agement, superintendence and so forth need not greatly 
exceed the cost for the same items in a single plant alone. 
An obvious disadvantage is the increased back pressure put 
upon the engines. I am assuming of course that the 
engines are of a non-condensing type. The prejudicial 
effect of this back pressure is a subject which will well 
repay a little study. 

Thirty pounds of water per horse power per hour is the rec- 
ognized standard of boiler capacity, and is also a fair state- 
ment of the amount used by an engine of fair size exhaust- 
ing into the atmosphere. A portion of the work of such 
an engine is spent in overcoming the atmospheric pressure 
of 15 pounds per square inch, and when therefore in addi- 
tion to the pressure of the atmosphere an increase of back 
pressure is incurred the useful work of such an engine is 
diminished by a corresponding amount. If this increase of 
back pressure is only that required for circulation of the 
steam for heating purposes the increased consumption per 
useful horse power per hour will not be greatly augmented 
in consequence, provided the pipes are sufficiently large and 
properly run, 

The heating of residences by steam supplied from our Fif- 
ty-eighth street station is often effected with steam ata press- 
ure of one or two pounds. And it is well known that there 
are several systems in use where exhaust steam is applied 
for heating in a manner so as to make it possible to pro- 
duce a vacuum in the heating coils. The back pressure of 
the exhaust, therefore, in a system where the engines dis- 
charge into street distributing mains depends almost solely 
upon the size of the mains and the quantity of steam car- 
ried. A loss of pressure of 10 pounds in a half-mile of pipe 
provides a carrying capacity reasonably in accordance with 
the cost of the pipe. Of course, if this difference of press- 
ure exceeds 10 pounds, the cost of transportation becomes 
relatively less, while the loss at the engine becomes greater, 
and vice versa in case the loss of head producing flow of 
steam is less than 10 pounds. This, like many other de- 
tails, must be determined upon in each particular case. In 
order to illustrate this point [ will present some calcula- 
tions based upon a back pressure of 17 pounds absolute 
(about 2.3 pound ordinary gauge), with an initial pressure 
of 92 pounds absolute (or about 77.3 pounds ordinary 
gauge pressure). We will call this case No. 1. 

For case No. 2 let us take the back pressure at 30 
pounds absolute (about 15.3 gauge) and the initial pressure 
at 105 pounds absolute (or about 90,3 pounds ordinary 
gauge), 








160 


In case'No. 3 let the back pressure be 105 pounds absolute 


and initial pressure 180 pounds absolute. The last case is 
interesting, since it called for a theoretical consumption of 
steam per indicated horse power in an engine with an in- 
itial gauge pressure of about 165 pounds and a back press- 
ure of about 90 pounds gauge. The diagram marked A 
shows the cycle of changes of steam: used under the above 
conditions, omitting the practical considerations of wire- 
drawing, compression, early release, and so forth, which 
are the interesting characteristies of an indicated diagram. 
The tremendous amount of unutilized work due to the ex- 
cessive back pressure is clearly shown by the area of the 
rectangle P, V,. In this diagram P, and P, are laid off 
as ordinates to represent the initial and back pressure, 
while V, and V, are laid off as abscissee to represent the 
volume of 1 pound of steam before and after expansion. 
The expansion curve m n is supposed to follow the law 


ae ‘ 
* 6 = constant. The diagrams B and C represent cases 


2 and 1. 

At pressure P, (180 pounds absolute), Fig. A, the volume 
V, of 1 pound of saturated steam is 2.49 cubic feet and 
at pressure P, (105 pourids absolute) the volume V, of 1 
pound of saturated steam is 4.14 cubic feet. Neglecting 
all cylinder losses due to condensation, leakage, clearance, 
etc., and supposing the expansion curve to conform to the 
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in foot-pounds of 1 pound of steam: P, V, x 16(P, V, 
— BP, Vy) = 95,645 foot-pounds. Deducting the work of 
overcoming the back pressure (P, V, = 62,597) we obtain 
(95,654 — 62,597) = 33,048 indicated foot-pounds; and as 
1,980,000 foot-pounds per hour is equivalent to one h. p.. 
it is evident that an engine working under conditions above 
1,980,000 
33,048 


= constant. we have for the total work 


named would require = 60 pounds of water per 


om 
horse power per hour. 


In similar manner it may be shown that between the 
limits of pressure 90 pounds (105 pounds absolute) and 15 
pounds (30 pounds absolute) there would be required 26 
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pounds per indicated horse power per hour. This covers 
the case of an engine exhausting into low-pressure street 
mains. 

An engine exhausting into the atmosphere with two 
pounds back pressure (17 pounds absolute) and receiving 
steam at 77 pounds (92 pounds absolute) would require 19.7 
pounds of water per horse power per hour. 

In actual practice the losses due to clearance, wire-draw- 
ing, incomplete expansion, cylinder condensation, etc.. 
would have to be added to the amounts above given. 

If in the last case we add 10 pounds, making about 30 
pounds per horse power per hour, we shall have an average 
practical result as obtained from automatic single-cylinder 
engines of fair size. 

The great loss due to cylinder condensation is largely 
dependent upon the difference of temperature between 
that of the steam at admission and that at exhaust. In 
cases A, Band C this difference is respectively 42 degrees. 
81 degrees, and 102 degrees: and hence with the same size 
cylinders in each case it is quite sufficient to make the 
same allowance of not more than 10 pounds additional for 
B and C, making for B about 37 pounds per horse power per 
hour and for C 70 pounds per horse power per hour. 

Now, in an engine operated in such a manner there 
would be during expansion a loss of heat due to con- 
version of the internal energy of the steam into work 
16(P, V, —P, V,) 31,104 


~=) =30 
fin 


tin 


amounting to = 40.3 thermal 


units per pound of steam, which would produce a con- 
densation amounting to 3.3 per cent. The total thermal 
units (above 32 degrees F.) per pound of steam at 105 
pounds (absolute) pressure is 1,182.4 or (1,182.4 — 181) 

1,001.4 above the temperature of the feed water (212 
degrees F.), Hence the available heat in the exhaust would 
be, 1,001.4 & .W87 = 968,35. 

Before entering the cylinder, however, the steam at 180 
lbs. (absolute) contained (1,195 —181) = 1,014 fhermal units 
per pound above the temperature (212 degrees F.) of the 
feed water. Hence the total loss due to conversion of heat 
into work is od = .045 = 44 per cent. 

In addition to this loss in the cylinder of the engine we 
must consider a further loss at the bojlers owing to the fact 
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that by raising the pressure we have increased the tempera- 
ture of the steam 42 degrees. 

Now assuming that the increase of the temperature of 
the escaping gases amounts to 42 degrees (and it certainly 
can be no greater) and allowing 24 pounds of air per pound of 
coal, we have 42 x 24 X 238 = 240 thermal units lost per 
pound of coal burned. 

Now assuming that one pound of coal evaporates at 105 
pounds pressure (absolute) 8 pounds of water which is 
equal to (1,182.4—181) x 8 = 8,011 thermal units. The 


loss at the boilers therefore may amount to =: about 


240 
8,011 
3 per cent. Adding this to the previous loss of 44 per cent. 
we obtain a totalloss of 7.5 per cent. But this loss must 
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be figured on a basis of 70 pounds of water per horse power 
per hour, and hence when computed at 30 pounds becomes 
70 
30 

Therefore we have practically obtained our work in the 
high pressure electric light engines at the rate of five and 
a quarter pounds per indicated horse power per hour, the 
re-evaporation during exhaust, together with the un- 
balanced motion of steam due to eddies, wire drawing, etc., 
appearing again as steam or useful heat in the street 


7.5 &X = 17.5 per cent. 


mains, 

This is clearly an extreme case, but for this reason it 
better serves as an illustration. The percentage of steam 
condensed to water through the conversion of heat into 
work during expansion would be greater ip cases 1 and 2, 
but in these cases it would hardly be necessary to consider 
any possible extra loss at the boiler. 

Diagram D is the representation of an indicator card 
taken from an engine operating under conditions of ex-* 
cessive back pressure similar to case No. %, diagram A. 
The back pressure in this instance was about 55 pounds 
above atmosphere and the initial pressure about 130, The 
engine was an automatic cut-off type taken from the 
salesroom of a well-known engine builder, having been 
built for ordinary duty and not especially designed or 
altered for work of this unusual character. The engine 
was directly belted to a 750-light alternating current 
Westinghouse dynamo, which supplied current to about 600 
incandescent lamps in the Lenox Lyceum, Fifty-ninth street 
and Madison avenue. 

The building was wired throughout on the Edison three- 
wire plan, and the c@nverters were arranged two in series 
with a middle wire to suit these conditions. The plant 
was supplied with electric meters and the various station 
instruments, and represented, therefore, on a small scale, a 
central electric lighting station. The exhaust pipe of 
this engine was directly connected with our street mains, 
where an average steam pressure of about 55 pounds was 
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always maintained, The steam from the street mains was 
used in part for-operating elevators in apartment houses 
and for running engines and in part for heating. If we 
follow the steam in its course through the electric light 
engine, thence through the elevator, engines and pumps 
and other engines along the line of the underground steam 
mains and thence to the radiators where condensation 
takes place, it will be evident that an economy is attained 
similar to that in a compound condensing engine, the 
electric light engines playing the part of the high pressure 
cylinder, the other engines playing the part of the low 
pressure cylinder, and the radiators taking the place of the 
condenser. 

This engine was operated under these conditions three or 
four evenings a week for about a year, affording a perfect- 
ly steady and satisfactory light from the incandescent 
lamps. The running of the engine was not attended with 
any special difficulties and gave no more care and occa- 
sioned no more trouble than if exhausting into the atmos- 
phere. On several occasions the exhaust of the engine was 
shut off from the street mains and turned into the atmos- 
phere, the initial pressure being reduced at the same time 
to correspond, At other times the reverse of this change 
was effected and the exhaust turned from the atmosphere 
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into the street mains without in either case producing a 
noteworthy fluctuation in the light from the. incandescent 
lamps. 

The gross revenue to be derived from the sale of steam 
for the heating of buildings may be estimated at from 
$2.50 to $5 per thousand cubic feet of space heated per 
season. Theamount of heating per mile of street mains 
will evidently vary very much, according to locality, and 
in the dozen or more district steam companies it is interest- 
ing to note what this variation is. In the smaller towns 
where systems of underground steam distribution exist 
the space heated seems to vary from 1,000,000 to 2,000,000 
cubic feet per mile of street main, and in the case of a 
larger city reaches 5,000,000, and in the city of New York 
exceeds 15,000,000. 

The cost of plant (which in these figures includes boiler 
house and boilers) varies from $20,000 to $30,000 per mile 
and in one instance reaches $50,000. 

In New York City the cost very much exceeds these fig- 
ures, owing in part to the difficulties encountered and in 
part to the fact that the street mains were laid with a view 
to supplying steam for power. In the New York plant the 
pressure of steam in street mains is above 80 pounds, and 
furnishes a supply to over 500 engines, and requires for 
this purpose in the summer time about 250 tons of coal 
daily, and, including heating, reaches 500 tons 
daily in the winter. The cost of pliant is greater in cases 
where steam is furnished for power as well as for heating. 
The actual cost of a district steam plant, where the busi- 
ness is confined to heating alone, seems to vary from $10 to 
$20 per 1,000 cubic feet of space heated. Here again this 
cost includes boiler house and boilers. 

In order to make it clear beyond dispute that the busi- 
ness of a district steam company can be added to that of 
an electric lighting company without prejudice to the 
latter, two points only need be established: First, the pos- 
sibility of utilizing the exhaust of electric light engines with- 
out detriment to the light and without introducing any 
serious complications or expense in the management of 
the station. Second, the certainty of an extra revenue, 
the net profits of which will equal or exceed the profits 
from the lighting plant for equal amounts of money in- 
vested. I have already touched upon both of these points. 
and need, I think, only refer to the practical working of 





DIAGRAM D. 


the combined system at the Fifty-eighth street station of 
the New York Steam Company, where the back pressure 
of the engine was 55 pounds (with no inconvenience and 
with no extra expense, save an almost indeterminate in- 
creased consumption of fuel) to prove that with a back 
pressure of only 15 pounds a practical mechanical success 
is assured. Of course, to get the same power from the en- 
gines, it would be necessary, unless previously running 
with a light load, to increase the initial pressure 15 
pounds, or to the same _ extent that the back 
pressure is increased. The effect of this, as | 
have shown, will be merely to pass a little more steam 
through the engine per horse power, which ordinarily would 
be a bad practice and a waste of fuel, but when distributed 
and sold for heating purvoses has nearly the value of live 
steam taken direct from the boiler. There would be times 
of course when the demand for heating would be slight. 
and when therefore it would be more economical to use a 
free exhaust. or where there were several engines to have 
only a portion of them deliver their exhaust into the street 
mains. The experiments of the NewYork Steam Company, 
previously cited, showed that the engines could easily be 
shifted from one exhaust pressure to the other without det- 
riment to the light, and therefore be easily possible to 
secure at all times the maximum of economy which a com- 
bined system would permit. 

So far as profits and dividends are concerned a very con- 
siderable saving would follow by the mere union of the 
two interests without even taking into account the value of 
the exhaust steam. Since, however, so much is dependent 
upon local conditions it is impossible to give figures which 
would apply to anything more than a hypothetical case. 
The amount of heat lost by radiation from the pipes of the 
New York Steam Company showed the loss to be about three 
per cent. of the carrying capacity of the pipes. It may be 
well to add here as having a most important bearing on 
the profitableness of such an investment some of the de- 
tails of the cost of underground steam work. ‘The sizes of 
pipes most commen in practice are those having diameters 
of 4 inches, 6 inches, 8 inches and 10 inches, the carrying 
capacity of which with steam flowing with an initial head 
of 15 pounds are respectively about 50 h. p., 150 h. p.. 300 
h. p. and 600 h. p. The cost of the underground construc 
tion, which includes valves and the special appliances such 
as variators, service boxes, anchorages, insulations, etc., 
may be roughly estimated at $7.50 per foot for the 10 inch, 
$6.00 for the 8 inch, $4.50 for the 6 inch and $3.50 for the 4 
inch. In many instances where lar_ ec buildings adjoin the 
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lighting station, many of the appliances may be omitted 
and much of the expense spared which must usually be 
counted in the cost of long distance work. 

The average price received for steam from the aggregate 
of consumers large and small is somewhat more than double 
the cost of producing the steam at the boiler house. This 
average price is one willingly paid by the consumer, owing 
to the saving in cost of labor and to the many conveniences 
and advantages to be derived from having steam on tap 
Jike gas and water. Out of these gross earnings, which 


exceed 50 per cent. of the receipts, there must be subtracted” 


the cost of maintaining the street system, leaving a balance 
applicable either for dividends, improvements or new con- 
structions, or, as often is the case in new enterprises, this 
balance must be expended in reconstruction made neces- 
sary through defects arising from lack of experience at the 
start. 

The entire annual gross receipts of a plant are, of course, 
limited by the carrying capacity of the pipes, and may be 
estimated at about 40 per cent. of the cost of construction, 
and therefore net earnings of 25 per cent. will permit of 10 
per cent. dividends. Since the cost of steam amounts to 
50 per cent. of gross receipts, it is evident that if one-half 
of the steam sold for heating can be obtained from engine 
exhaust the saving effected in this way alone will amount 
to enough to pay a 10 per cent. dividend. 

In this paper I have attempted to show the complete 
practical and commercial feasibility of combining a sys- 
tem of steam distribution from a central station with an 
electric light plant in a manner to utilize the exhaust. 

I have given data that will assist in investigating the 
value of the plan in any locality where heating by steam 
could be introduced, but have purposely omitted to give 
any description or details of mechanical appliances and 
construction of underground steam work, as it seemed to 
me that the more important issue for discussion was the 
question: What bas the distribution of steam from a central 
station to do with electric lighting ? 

The chair called upon Dr. R. 8S. Bishop to lead the dis- 
cussion on this paper, and the Doctor spoke very much to 
the point, as follows : 

‘In complying with your invitation to discuss the paper 
just read upon the subject of steam distribution from cen- 
tral stations, I would state that there is little more to be 
said, except to confirm the statements therein made. 
Further argument to demonstrate the mechanical possi- 
bilities of such distribution would be superfluous, when 
you add to the theoretical argument that vou have listened 
to the fact that this has been successfully done for more 
than twelve years, and that there are now more than thirty 
different cities besides the extensive plants in New York, 
with which Mr. Prentiss is connected, where this is a de- 
veloped industry. At the same time it may be said that 
the combination proposed—the use of exhaust steam 
from electric plants—is of a few years’ development 
only, for the reason that electric plants themselves 
are of very modern origin. ,The especial subject be- 
fore you now is the practicability of electric and 
steam combination. Your attention has been especially 
called to the utilization of exhaust steam from your én- 
gines, and the natural inquiry is as to its effect upon your 
engines and boilers, through back pressure. The author 
of the paper just, presented has shown that there is no 
theoretical reason why this cannot be done, and supple- 
ments kis reasoning with reports of his own practical ex- 
perience. To this 1 am pleased to add. reports of others’ 
experience. The American District Steam Company con- 
structed a short line of street mains in the fall of 1889 for 
the Edisen Electric Light Company in Kansas City. Mr. 
K. R. Weeks, the efficient manager of that compary, is 
here, and I should prefer that he would answer questions 
connected with this subject as referring to that plant. In 
the fall of the same year the Ottumwa (lowa) Railway, 
Electric and Steam Company in addition to extensive 
street railway and electric lighting plants, had over two 
miles of street mains constructed to work in connection 
with their other interests. The president of that company 
has kindly furnished me with some data referring to this 
subject that I am sure will interest you, as the several 
figures will answer many questions that I apprehend arise 
in your minds. The exhaust from the engines connects 
directly with the street mains, which mains are also con- 
nected with the steam drums over the boilers. By means 
of a reducing valve, it is under the control of the manager 
in charge to add live steaniin any proportion required to 
the supply of exhaust, or to use none atall. They have 
two engines, one in connection with the street railway, 
which runs from 6 A. M. until 11 P. M. The lighting engine 
and dynamos run during the hours required. They now 
have 69 buildings taking steam at various points along the 
line—some quite large, such as the postoffice, opera house, 
school buildings, churches, business blocks, residences, etc. 
The exhaust steam from the railroad engine supplies nearly 
all the steam required to maintain pressure in the two 
miles of mains and furnish heat to the 69 buildings. Part 
of the time a small amount of live steam is added. When 
the lighting engine is in use also, the present consumption 
(oes not use all of the exhaust. Pressure at the boiler 
house in the street mains is 12 to 15 pounds. Pressure in- 
dicated 1,000 feet distant is from oue to two pounds less. 
Pressure indicated 4.300 feet therefrom is from three to six 
pounds less than at the boiler house. These figures were 
taken when alJ buildings were taking their quota of steam. 
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And still there is a large margin above what is required 
for the present consumption. At this date they have about 
15 per cent. of the probable future consumption; another 
equal amount is in sight now for the coming year. The 
present earnings are net about 13 percent. upon the cost of 
this feature of their business, with another equal amount 
in sight, as I before’ said, for the coming year; 
which will involve no increase of expenses except the 
fuel. In answer to wy inquiry as to what the apparent 
effect upon the engines and boilers was, he says: ‘‘ Noth- 
ing except the 12 to 15 pounds extra pressure carried at 
the boilers.” Another illustration of this use of exhaust 
steam can be reported from Springfield, Ill. This pipe was 
laid last fall. The president informed me last week that 
it worked perfectly. They deliver the steam through 
nearly 2,000 feet of mains at two and three pounds back 
pressure. They are so entirely pleased with this saving of 
exhaust steam that they propose a considerable extension 
of the mains this coming season. Another similar con- 
struction was made for the Duluth Electric Light Company 
last fall, but I have not been able to obtain details. There 
is another plant at Chester, Pa. Thus far we have con- 
sidered this subject viewing this exhaust steam, as it has 
been aptly termed, asa ‘‘ by-product ;” thus it is purely as 
referring to electric lighting plants. May we not now, 
when considering a heating plant in connection therewith, 
refer to it as the original commodity? You buy real estate, 
erect buildings, boilers, engines, dynamos, string wires, 
furnish lamps, lay railroad tracks, equip with motors and 
cars, buy coal and water, employ a force of men, and yet 
it is all a useless aggregation until you fire up the 
boilers. By combustion of fuel and absorption of 
the heat units by the water, we load this water 
with the full value of our product; and do you utilize it all 
by former methods? I believe it is conceded that the aver- 
age engine makes use of only about 10 per cent. of this 
absorbed heat; the balance has heretofore made its escape. 
Like the compound engine to which Mr. Prentiss makes 
comparison, we propose to exact further duties from this 
power, which we can do if we turnit into street mains and 
heat our buildings as well as light them. Sothat when the 
water becomes water again, it has contributed its value of 
heat absorbed to the purse of the investors. You naturally 
ask, about how much value has this steam? An approxi- 
mate answer may be given by stating that each 100 h. p. 
of boilers, steam at 20 to 25 pounds pressure, has a capacity 
for heating 1,50(,000 cubic feet of space; this is the maxi- 
mum. A minimum figure, allowing for all absorption of 
engines, is 1,000,000 cubic-feet for each 100h. p. This, 
Mr. Prentiss has already told you, is worth, according to 
price of fuel, from $2,500 to $5,000 per 100 h. p. for the 
season. And figures obtained from plants in operation 
indicate that the extra expense incurred to accomplish this 
does not exceed 25 per cent. of the income even now, while 
having only a percentage of the future heating load to 
be carried. Of course, all this is accomplished only by con- 
structing mains in the most approved manner. Another 
important question in connection with this general subject 
is that the earnings from an electric light plant are contined 
to six or eight hours of each 24; the balance of the time the 
boilers and men are comparatively idle. Instead, then, of 
banking your fires for 16 to 18 hours waiting for the ‘time 
to commence earnings again, keep all steadily at work at 
low pressure, supplying heat. It costs but little more to 
run the boilers (engine and other machinery lying stilJ) at 
15 or 20 pounds, than to bank the fires and hold them at 
higher pressure without use. The heaviest load in heating 
is during the hours that the electric work is lightest. This 
whole subject is finally reduced to this suggestion: Add the 
steam heating to your other industries, that you may get 
all that is possible out of your plant, by working it 24 in- 
stead of six or eight hours, and especially to get out of 
your steam all the value it contains, instead of being satis- 
fied with a small percentage only. These are the funda- 
mental principles of success in any business. Is it not ap- 
parent that this subject has something to do with electric 
lighting ? ” P 

Mr. A. L. Ide gave the result of some of his experience 
in steam heating from a central station. He said that he 
had put in about 2,000 feet of mains recently in sizes vary- 
ing from three to eight inches. His plant at Springfield, 
Ill., was favorably located in the business portion of the 
city, and has taken a contract for heating seven buildings, 
each consisting of about 100,000 cubic feet, using for the 
purpose the exhaust steam from the boilers. Up to date, 
about four months’ service had been given and had proved 
to be very satisfactory in every respect. More than four 
pounds of steam was never necessary. Ordinarily two 
pounds of back pressure was all that was required. The 
extra consumption of coal for this service was not at all 
noticeable, and as there is still a surplus of exhaust steam. 
at least 1,000 feet of mains will be added next summer, and 
more customers will be supplied. 

After a few remarks by Mr. Pope, calling attention to 
some unavailing efforts made a few years since in the way 
of using the waste steam of a steam company for electric 
lighting, Dr. Bishop, in response to a question by Mr. 
Seely, gave some additional information as to the methods 
employed for heating by exhaust steam, The connection 
with the mains is made directly to the exhaust pipes. A 
very elaborate system of covering for protection against 
condensation is employed. The pipes do not have to be 
laid at any particuJar depth, except as necessitated by the 
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conditions in the street, and success was due ina large 
measure to jacketing the pipes. 

Mr. Weeks added a few brief remarks on the question of 
heating by electricity as a method of utilizing the waste 
power of the central station, but felt that the state of the art 
at present was hardly such as wvuld insure success. He 
had had a few hundred feet of steam heating main for ex- 
haust steam operated from his plant in Kansas City. After 
15 or 16 months’ experience he could say that the result had 
been very satisfactory. 

The Committee on National Insurance Rules was called 
upon to report, but it had no final report to make, and was 
discharged in order that the work might be taken up 
along a slightly different line. 

It was moved ‘‘ that a standing committee be appointed 
to formulate and from time to time revise a code of in- 
structions to be known and published as the instructions of 
the National Electric Light Association for safe and 
economical wiring of streets and buildings for the service 
of electric light and power, and for the proper inspection 
and maintenance of thesame.” This recommendation was 
ad6pted, and the chair was instructed to appoint the com- 
mittee in question. 

The association then adjourned until the following morn- 
ing. ; 

Wednesday had been set apart as pioneers’ day—a day 
devoted to hearing from the lips of those who had been 
identified with the early progress in applied electricity 
the story of the experiences met and the difficulties over- 
come in the early part of the decade which has seen such; 
marvelous and magnificent results. The morning opened 
brightly, and about 11 o’clock the formal session opened. 
Seated beside President Perry were four of the distinguished 
speakers of the morning. Prof. Elihu Thomson, Mr. Thomas 
D. Lockwood, Mr. J. H. Herrick and Prof. J. Elfreth Wat- 
kins, secretary of tke U. S. Museum and also secre- 
tary of the committee having in charge the celebration 
of the beginning of the second century of the American pat- 
ent system, to take place in Washington April 8, 9 and 10. 

President Perry, who was one of those very early inter- 
ested in the development of commercial lighting, was the 
first speaker. His remarks were as follows: 

Gentlemen of the convention: It seems eminently proper 
that we should pause a moment in our advancing course, 
like a traveler ascending a mountain side to look back 
upon the path he has already traveled. There will be 
many things of interest and many things to remember that 
are gay and some that are sad, for they are not all with us 
who started out in the morning of our work. There are 
those here who represent the ocean cable, and the overland 
telegraph and telephone, that which has enabled two con- 
tinents to converse together, the inhabitants to hold fam- 
iar intercourse with each other; those who witnessed the 
first division of the electric current and saw the glow of the 
infant incandescent lamp; those who witnessed the first 
uncertain sputter and flare of the arc lamp in its early 
state; those who, by their energy and perseverance, have 
dotted the country all over with the little stars of the in- 
candescent or vacuum lamp, and the sun-like brilliancy 
of the are light, until they vie with the firmament above 
us; the transmission of this mysterious energy by the 
hundreds of horse power over a little conductor no larger 
than our grandmother's knitting n2edle to revolve the 
wheels of our industrial establishments, and propel in all 
directions vehicles for the transportation of passengers and 
freight—these are only a few of the triumphs which 
have attended the development of the industry which 
we represent. But it is not my desire to entrench upon 
the time which belongs to you. I wish, how- 
ever, to relate a single instance of my experience. 
One of the first duties which came to me as manager of 
the Narragansett Electric Lighting Company was the 
laying out of anew circuit. I will relate a little incident 
in my own experience. When I first came into the man- 
agement of the Narragansett Electric Light Company, six 
years ago, Mr. Thomas had just been appointed superin- 
tendent. Our first duty was to lay out a new circuit. I 
was but little acquainted with the business. He came to 
me, and we thought we would draw it out on paper. We 
took it down and back again into the building and out 
again. It was a very crooked affair. I said to Mr. 
Thomas that the electricity would not go around the cor- 
ners, but would fly right off. Hesaid: ‘‘ No, when I was 
wiring for the Burglar Alarm Company we took and 
twisted the wire around a pencil to give it a circular mo- 
tion and set it going round these corners.” 

After the conclusion of the president’s address Judge 
Armstrong was called upon to read letters from some of 
the notable pioneers of electric work who were, unfortu- 
nately, unable to attend the convention. Letters of regret 
were read from Dr. Norvin Green, the venerable president 
of the Western Union Telegraph Company; Mr. George D. 
Ward, manager of the Commercial Cable Company of New 
York; General Francis A. Walker, president of the Massa- 
chusetts Institute of Technology; Hon. Benjamin F. But- 
terworth, Cyrus W. Field, and Alexander Graham Bell. 


Dr. Norvin Green’s letter was as follows : 


EXECUTIVE OFFICE, \ 
WESTERN UNION TRBREGRAPH Co., 
New YouK, Feb. 17, 1891. J 


Dvar Stes: Thanking you for your kind invitation to become a 
guest of the National Electric Light Association at your first decen. 
nia) celebration of eJectric lighting and the thirteenth convention 








162 


of your association, to be held in Providence, R. I., Feb. 17, 1891, 
I sincerely regret to find it impossible for me toattend. My con- 
dition of health would render the journey hazardous, and the exact- 
ing nature of my official duties would scarcely admit of my absence 
while the general manager is also absent from illness. 

The genius of modern invention, and especially in the line of the 
application of electric science to commercial and domestic uses, 
has marked the present age as an epoch in the world’s history. Dur" 
ing my lifetime more progress has been made in the advancement 
of commerce and manufactures, and in the annihilation of time and 
space, than had been made in ten previous centuries, Lightning 
had been drawn from the clouds, generated by friction and bat- 
teries and bottled up in Leyden jars; but it was an untamed 
courser, and nobody knew of any useful purpose it could be applied 
to. But modern inventions have harnessed it to the wires, and 
sent it flying over land and water through all the quarters 
of the earth, making instantaneous communication with 
the most distant points. More recently it has been made 
to glow in lamps, with a brilliancy and softness of light 
far transcending in utility and convenience anything ever before 
known, both for streets and public halls and private buildings. 
Still more recently it has been harnessed up for power, and the 
street railways are smoothly and swiftly running over the surface 
without any visible traction. 

No conception or foresight can define to what other and further 
uses this wonderful element may be applied. All we know is“that 
new and improved discoveries and devices are constantly being 
made, and the men engaged in it are winning the fame and recog- 
nition of which their descendants will have just reason to be proud, 

I am, my dear sirs, most respectfully yours, 
NORVIN GREEN. 


To Dr. Norvin Green had been assigned the topic of the 
‘Overland Telegraph,” and in his absence Mr. T. D. Lock- 
wood, one of the pioneers of the telephonic art, spoke in 
his place, and also spoke upon ‘‘The Telephone” for the 
American Bell Company. Mr. Lockwood, as will be seen 
from his remarks given below, contributed a most inter- 
esting series of personal reminiscences. 

My presence and voice here may require a word of what, 
in the columns of the daily press, is called ‘‘ personal ex- 
planation.” We have it on no less an authority than the 
immortal Shakespeare that 

Imperial Caesar, dead, and turned to clay, 
May stop a hole to keep the wind away. 

This quality, | apprehend, is the only one which Ceesar 
and I share in common; and Iam accounted for by the 
unavoidable absence of Prof. Bell, and the necessity of 
having some one to fill the gap, or perhaps to rustle around 
in it, and not at all to any personal or official claims of my 
own. 

Sir David Brewster, one of the greatest scientific men of 
a scientific age, wrote a book some time between 1830 
and 1840 entitled ‘‘ Letters on Natural Magic,” and he 
closes a chapter devoted to automatic talking machines by 
saying: ‘*‘ We have no doubt that before another century 
is completed a talking and a singing machine will be num- 
bered among the conquests of science.” As Judge Sprague 
once said, ‘‘ Prophecy after the event is easy prophecy ” ; 
but this was prophecy before the event, and is realized. At 
the time when Brewster spoke certain automatic machines 
had from time to time been made, which, laboriously imi- 
tating in their construction the human vocal organs, were 
able to repeat one or two words; but the machine which 
realized his prophecy employs as its talking organ simply 
a little disc of metal. : 

In the telephone a double problem was _ solved: 
How to make a_ metal plate copy the mo- 
tions of all the complex organs of speech, and how to 
talk at one place and by means of electricity be heard at 
another. And the problem was solved first by appreciat- 
ing the fact that somehow the distant plate must be con- 
trolled in every way by the near one, and that its vibra- 
tions must copy those of the near one; and, secondly, by 
appreciating a truism which nobody before that had ap- 
preciated; which, to quote the words of Sir William Thom- 
son, was ‘‘the mathematical conception that if electricity 
is to convey all the delicacies of quality which distinguish 
articulate speech, the strength of its current must vary con- 
tinuously and as nearly as may be in simple proportion to 
the velocity of a particle of air engaged in constituting the 
sounds,” 

Prior to 1876 we had not many industrial applications of 
electricity. Probably 80 per cent. of the persons interested 
in it were engaged in telegraphy, and the remaining 20 per 
cent. was divided between instructors of youth and persons 
engaged in electroplating and typing. 

But see what has been done in 15 years. The civilized 
world glows with the illumination of electricity; the elec- 
tromotor is abroad doing our work, and the long suffering 
car horse and mule are at last encouraged by the applica- 
tion of power to street railroads to believe’that the day- 
spring has visited them ; while 500,000 telephones in the 
United States and as many more in other countries attest 
the fact that people will talk. Those of you who know 
anything of capitular masonry will agree with me when I 
say, ‘This is good work.” 

But I wish tosay more. I wish to say that all of this 
work which has been done is attributable to two things, a 
quality and a practice—enterprise and experimentation. 
There is no lack of the former in the United States; but I 
fear that we do not as yet fully appreciate the latter. It 
is impossible that I or any one can ever overestimate the 
value of experiment. 

Those of you who have studied the story of electricity 
and its triumphs well know how it was experiment that 
guided Orsted to the missing link between electricity and 
magnetism; which gave Davy the honor of discovering 
electrical illumination; which enabled Faraday to patiently 
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fish out bit by bit the pieces of the puzzle composing the 
one department of electricity, which more than all others 
has made electrical illumination, traction and oral commu- 
nication living realities—magneto-electric induction. 

It was experiment that enabled Spencer, Jordon and 
Jacobi, almost simultaneously, to discovery the art of 
electrotyping, and the Elkingtons with their associates, 
about the same time, to introduce electroplating; arts which, 
useful from their inception, have now become ornamental 
also, and which have put into the hands of true artists a 
ready means of reproducing the beautiful in a surpassingly 
beautiful way. It was experiment that carried Bell to the 
invention of the art and apparatus of telephony, and Thom- 
son to the art of electric metal working. 

And, looking at the other side of the case, it is equally 
certain that it is the neglect of experiment (which is our 
means of conversing with Nature, asking questions of her 
and receiving her replies) and the neglect of reasoning 
based on experiment which prevented electricity from ad- 
vancing a single inch for the first 2,000 years of its history, 
from the time of Thales, the Ionic philosopher, to the time 
of Gilbert, the Elizabethan sage, the founder of electricity 
as a science. ; 

We have heard it said that speech is silvern and that 
silence is golden ; and the recorded opinion of that great 
and ancient patron of Mormonism and Masonry, King 
Solomon, is that a word fitly spoken is like apples of gold 
in pictures of silver. So we see that even on the subject of 
speech there is room for two opinions ; but that the tele- 
phone was and is an immensely valuable adjunct to the 
American style of doing business in which time is held to 
be a commodity of great value no one can doubt. 

It is now used over lines of lengths varying from a few 
yards to several hundred miles, and as a_ labor-saving 
machine has proved its right to exist. Whether it will 
ever be available for long submarine cable work the future 
only can tell. All the conditions of the case indicate that 
it will not ; but who can limit the possibilities of the future 
after having seen so many apparent impossibilities 
achieved. 

Such a possibility was contemplated even before the tel- 
ephone itself had appeared. On Dec. 29, 1868, at a ban- 
quet tendered to Professor Morse, the British Minister, then 
Edward Thornton, Esq., in responding to a national toast, 
made this remarkable prediction: ‘‘Should I have the 
good fertune to live to the age of the venerable professor 
I still hope to see some such improvement as_ will 
enable us to carry on a viva voce conversation by 
means of the cable. We shall then have merchants 
on this side of the water discussing their affairs with 
those of the other at so much a minute. We shall 
hear perchance of some love-stricken youth of London or 
Paris whispering soft nothings along the cable to a 
bewitching siren of New York or Providence at so much 
an hour, she tempting him (Leander like) to throw himself 
into the gulf which separates them. We shall then have 
statesmen, and in those days of progress possibly states- 
women, discussing international questions at so much a con- 
ference, and diplomatists will run a very good chance of 
being exploded altogether.” I have always wondered that 
somebody has not set Sir Edward up as an anticipatory 
inventor of the telephone. 

We find in Holy Writ that, when the prophet stood on 
Mount Sinai, the manifestations of the proximity of the 
Divine Presence were successively a strong wind, an earth- 
quake, a fire, and a still, small voice; and although, at the 
first thought, the telephone may seem to be as remote from 
a two-thousand candle power arc or a hundred horse power 
motor as the still, small voice was from the earthquake, 
yet they are, as the voice and earthquake were, animated 
by the same power, and they also are alike in that they are 
striking exemplifications of that great and true modern 
doctrine, the doctrine of the conservation of energy. 

This multitude before me, and that much greater mul- 
titude which throughout the world are dependent upon 
electricity for their living, is the result of that combina- 
tion of enterprise and experiment of which I have spoken, 
and I am proud to believe that the telephone, of all the 
present utilizations of the mysterious force, was the pioneer 
of the great electrical awakening which, beginning as a 
small thing in the United States, has overrun and trans- 
formed the world we life in, and has enabled us to answer 
affirmatively the query propounded by the Almighty to 
the patriarch Job, ‘‘ Canst thou make lightnings that they 
may go, and say unto thee, ‘ Here we are’ ?” 

President Perry next called upon Prof. Elihu Thomson, 
and introduced him to the assembly in words of well- 
merited appreciation of the great work he has done in elec- 
tric lighting. Professor Thomson spoke, like others, quite 
off-hand and with the easy elegance that is characteristic 
of his addresses. He gave the following most interesting 
account of the early days of commercial are lighting, and 
the immense and unforeseen difficulties that the pioneers 
had to meet. Professor Thomson said: 

We are here to celebrate the completion of the first 10 
years of the great industry of electric lighting —great now, 
but ten years ago very slight indeed. We are here also to 
recall the cireumsthnees of our early experience in these 
great and kindred industries. I will begin by recalling a 
few of my experiences in 1889, which have made a lasting 
impression. It was my privilege to visit the Royal Insti- 
tution in London and there inspect the original manuscript 
records made by Sir Humphrey Davy and by Faraday, 
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and to inspect also the apparatus of Faraday which he 
used in his early experiments, ican say that I did it rev- 
erently. These two names are coupled with the beginning 
of our great industry. Sir Humphrey Davy was the 
first man to establish an electric arc; the first man to have 
put two wires together and drawing them apart to get the 
flame. He called it an electric arch, oran arch of flame; I 
saw the record of this original experiment, and the descrip- 
tion of Davy said that this was a gorgeous experiment: He did 
not apparently realize what it would come to as a gorgeous 
industry, as a splendid industry to be established to flood 
the world with a rival of sunlight, to utilize the sources of 
energy in the bowels of the earth—put under a boiler, to 
produce heat, and finally to produce electricity—as it were, 
to turn back upon us the radiant energy of the sun which 
has shone upon-this planet probably for millions of years. 
He simply admired the experiment from a scientific stand- 
point. His enthusiasm was that of the scientist. It was a 
worthy enthusiasm, as’the scientist often discovers a thing, 
but he does not often make it practical; but no matter 
what the discovery is, small or great, in ascientific sense, 
I have full confidence that the time always comes event- 
ually when these discoveries are utilized in practical life, 
as this discovery of Davy was. 

It was quite interesting to notice the difference between 
Davy’s style of recording his experiments and Faraday’s 
style. There is this contrast to be seen in their work-- 
Davy’s was of the brilliant kind, jumping from one thing to 
another, and getting there by a great leap, as it were, 
while Faraday’s was the painstaking, scientific work of 
he careful investigator. The records of Faraday are 
models of neatness, precision and uniformity. I recall this 
as a reminiscence, as it carries us back to the time when 
Faraday was at work in the discovery of the actions of 
currents im magnetic fields. It is to Faraday that we owe 
the careful investigation of the principle of the generation 
of currents by the dynamo. He was satisfied to investi- 
gate that fact and the conditions under which it occurred, 
and he expressed, in fact, his confidence thai the time 
would come when these facts and principles which he was 
investigating purely from a scientist’s standpoint would be 
applied on a large scale in actual practice. He said it was 
not for him to do that, however, as others would take up 
that work and carry it forward. 

Coming down to more recent apparatus, after these in- 
vestigations were known, we find occasional efforts made 
to employ these principles in producing light, and one of 
the earliest was the running of a lighthouse by a magneto 
machine constructed in accordance with the principles 
which Faraday discovered, but which was a solitary in- 
stance for quite a number of years, Then came upon the 
scene M. Gramme, with his wonderful dynamo, a machine 
the elements of which were known before; in fact, the 
very principles upon which the Gramme dynamo was 
founded were the subject of Faraday’s investigations; but 
the construction of the machine was unique. Gramme, 
having constructed a machine, applied it to the production 
of light by the electric arc. He was perhaps the first to 
give that impetus which resulted in a few years in a con- 
siderable expansion of dynamo-electric machines as ap- 
plied to electric lighting. These experiments of Gramme’s 
were carried on fora few years. His machine, I think, 
was built about 1869, but it was nof until five or ten years 
had gone by that the machine began to be known in the 
scientific world. I saw a small machine about 1874 which 
was a strikingly excellent example of adynamo. All we 
had to do was to turn a little crank and a wire was heated 
to a bright incandescence, burning with a very moderate 
effort, showing that the economy of the construction was 
really high, that very little waste, very little power was 
being thrown away. 

One of my reminiscences is that I met M. Gramme in 
1889 at the Paris Exposition, and I found him to be a 
retiring, honest man who bore his honors very well 
indeed, but who has a peculiarity of never appearing 
in public whenever he can help it. It is very difficult 
to get him out where he can be seen, and he only ap- 
peared on this occasion to meet the electrical jury at the 
exhibition. 

I think we should honor Gramme, not perhaps for the fact 
of his discovering the principle, but for the fact of his pro- 
ducing for the first time the type of dynamo which was 
really well adapted to use in the industries. Before his 
time, there had been a discovery made of the important 
principle of the dynamo—that is, that a dynamo could start 
itself, magnetize itself and furnish its own magnetic field. 
The reactive principle, as it is called, came only by degrees, 
but was finally elaborated by a number of observers at 
about the same time, but even at the time this principle 
was worked out the machine was not such a structure as 
Gramme produced. 

Leading on from Gramme’s time, we find the Centennial 
Exhibition comes along, and there we find an exhibit of 
the Gramme apparatus, and this exhibit certainly showed 
some remarkable advances, There were arc lamps in opera- 
tion, and there was also a little exhibit which was a very 
striking one—two Gramme machines, one driven by a belt 
and connected to the other, the other driven by a current 
developed by the first machine and working a little pump, 
producing a little cataract of water—a very striking experi- 
ment indeed and one which we now see applied on a large 
scale in the transmission of power. We had. in that experi- 
ment the production of electricity by steam power, and 
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we had the Gramme machine revolving and pumping 
water and producing a miniature waterfall. We some- 
times reverse that process now. We get the 
waterfall to turn the machine, and then we carry the cur- 
rent to a distance, then transmit the power of it to a belt 
and use it to drive our machinery. 

These are precious reminiscences, and they show us the 
beginning of the great industries now developing. I took 
up the subject of investigating the dynamo machine about 
the year 1874 and began the construction of a small 
model. My attention had always been drawn strongly 
toward the electrical field, and it might be of interest now 
to recount some of the difficulties experienced in early 
days. 

I must not leave out here that the Gramme apparatus 
was not the only machinery devoted to electric lighting 
which was found at the Centennial Exhibition. An enter- 
prising American firm, Wallace & Sons, had constructed 
machinery based on the ideas of Prof. Moses G. Farmer, 
and they were applying these machines at the Centennial 
Exhibition to the lighting of the grounds at night, and 
also a part of the Machinery Hall. The whole exhibit of 
this American firm showed that we had in our own coun- 
try the materials for an expanding system, had it been 
pushed and caused to progress as the Gramme machine 
had, and the machinery shown by the Wallace people was, 
some of it, more advanced in type than the Gramme appa- 
ratus. 

From this time, we find the art growing by degrees. We 
find in 1878 some of the streets of Paris lighted by elec- 
tricity. The lights were placed along twosides of the Ave- 
nue de l’Opéra, a system which had, however, apparently 
a short lifeon account of its expense. The lights were cer- 
tainly very beautiful. 

Recounting my own experience in electric lighting, I 
may say that I built a small dynamo about 1876 to run an 
are light. This was my first attempt at a machine of that 
size. It was asuccess, and it led to the construction of other 
dynamos. When I came, however, to the commercial 
part of the business, which began in 1878 or 1879, I found 
it was not enough to build a machine to run a light. There 
were difficulties to overcome, and not the least of these 
difficulties was the getting of steady power to run the 
machine. I could tell story after story of the discomfitures 
depending largely upon the absence of power. 
I remember distinctly our first machine that 
was intended for commercial use, and in fact the first 
machine which embodied the principles used in the Thom- 
son-Houston arc apparatus, including a three-coil arma- 
ture. This machine was capable of running from four to 
eight lights in series. I well remember that I[ had carefully 
examined every inch of the wire used in this machine, and 
insulated the whole thing myself. The machine was ele- 
vated on a planer bed in a little shop in Philadel- 
phia where it was made, and the belts from an 
engine—which was called a _ 10-horse engine,’ but 
which I do not think was more than five—were 
put on the machine. When the machine was started it 
was found necessary to tighten up every belt back to the 
engine, and the machine could only be driven at a very 
moderate speed. Everybody was confident that it would 
not take much power to run the machine, that the engine 
would run a dozen similar ones. There was nothing to do 
but turn that machine around in the air, they said; but it 
turned out that there was not power enough. 

Another instance in this same connection, and it isa 
very amusing one. We had to make two or three ma- 
chines in Philadelphia, and a man came in from the other 
side of the street, where he had a small establishment, and 
he said that he had just the motor for that machine; he said 
he was making a little sewing machine motor which worked 
very nicely, and asked why we had put such a big pulley 
on that machine. I told him that if he would come in 
some time when we were running the machine, we would 
show him why the big pulley was put on. Well, he came 
in, and saw the machine with the big pulley, the belt on one 
side being tight and on the other side comparatively loose 
to show him that tightening the machine up did not make 
much difference, and he was very much puzzled indeed. 
He looked at the machine all around to see if there was 
anything ‘rubbing against the armature, and went away 
saying that he did not understand it. 

In starting our arc lighting experiments, our first ma- 
chine was put upin a bakery in Philadelphia, where it wag 
used all night, and it was rather tenderly nursed by us. 
Sometimes: we were up all night tending to this baby, and 
under conditions which were not altogether agreeable in 
the summer, as there is a good deal of waste heat in a 
bakery. The temperature was sometimes as high as 140 
degrees, and to live in that all night was somewhat 
difficult. 

After running these machines some time we found some 
parties who were interested in developing the electric 
light, and at last a company was organized, which is now 
the Thomson-Houston Electric Company. It was organized 
in a modest way in New Britain, Conn., where we re- 
moved. I became electrician of this small company, and 
the apparatus was made in New Britain in an old basket 
shop, in which there was a lot of old basket machinery. 
It was turned into an electrical exhibition and the lamps 
were scattered around the building. There was an adjoin- 
ing building with a motor, which was driven by currents 
supplied from the main building, and there was an engine 
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which had the hardest work to furnish power. The man in 
charge said to me one day: ‘‘The steam cut down on me 
a little while ago, and I have takena lot of those old 
basket machines and burned them ; what do you think of 
that?” I said it was all right as long as you kept the 
lights going. I presume you can recall like circumstances 
when, in order to keep up steam, there was need of some- 
thing more inflammable than coal, especially when the 
steam pressure was going down at a great rate. 

This was the beginning of our experiences. We soon got 
into another shop and began the construction of apparatus 
for commercial use. Even here we had difficulty with 
power. Steady power was what we wanted, to be able to 
tell what we were doing. I have no doubt all of you have 
had the same experience in early days and have felt the ne- 
cessities that we felt; and right here I may say that if any 
one thing has done more than another to develop the steam 
engine, it has been electric lighting, and your steam en- 
gineering business owes as much of its present development 
to electric lighting as anything else. Engines which were 
good enough to drive mill machinery were not good enough 
to keep a steady glow of a lamp, not good enough to keep 
the same pressure and the sa me volume of current, and the 
engine builders soon discovered that that was the case. I 
may say that we have here in Providence the representa- 
tives of the most progressive engineers who were the first to 
recognize the fact that the old style engines were not al- 
together the best suited for electrical work—the Arming- 
ton & Sims people. 

After we got into operation our difficulties were not, by 
any means, over. We had to develop all sorts of devices: 
We had to overcome conditions constantly arising to dis- 
courage us’ By keeping at it we succeeded in getting our 
apparatus where it could be taken care of by an ordinary 
man; we could put it into a factory or station and not re- 
quire a skilled electrician to look after it. When this was 
accomplished we were met by other reverses. The Brush 
Company saw our beginnings of success and tried to buy 
up a majority interest in our little company in New Brit- 
ain, apparently for the purpose of entirely swallowing us. 
Subsequently, however, in the same year certain parties in 
Lynn purchased a majority interest in the stock, and what 
was the American Electric Company of New Britain 
started operations in Lynn. The Brush Company, as you 
are probably aware, has been swallowed up by us, the in- 
fant they tried to swallow. Such is fate. 

We have the firmest confidence in the expansion of the 
electrical industries. Weare absolutely certain that the 
business is going to be greater and greater as time goes by. 
We are sure that we are living in an electrical age. And 
we look to you, gentlemen of the association, and are ready 
to state freely our obligations to you for that which has 
made it possible for us to carry on our work, for the com- 
mercial expansion of its various industries. We look to 
you to see that the country is covered with plants. You 
have done noble work in that art, you have done more 
than the people fully realize, in standing by us at the times 
when discouragement came. We have calls now for ma- 
chines and dynamos up to 500 and 1,000 h. p., where a 
few years ago we thought it an unusual thing to have 100 
and 200 h, p. machines, and it looks very much as though 
in the near future machines of much larger capacity 
would be demanded for the work of installation. 

I am down on the pregramme to-day to say something 
about electric welding. Ido not know exactly when the 
art was discovered, but I believe that the formation of'the 
National Electric Light Association was one of the steps in 
the operation, figuratively speaking. It is a great thing in- 
deed to see the electric welding process going on here. This 
meeting undoubtedly brings together and harmonizes the 
various members of the electric light fraternity, the men 
who produce apparatus and the men who use them in com- 
mon. Our interests are common, to produce the best that 
can be had, and to use it in the best way possible. 

Now as to the actual electric welding, I may say only a 
few words. It was my fortune to come upon and develop 
the fact that metals could be worked by electrical means 
and to apply it in practice. The art is a growing one, and 
quite a number of machines are now in active operation 
doing this kind of work. I might touch here upon a mat- 
ter which is akin to electric welding, and that is the sub- 
ject of electric heating. We are sometimes asked if it will 
ever be possible to heat houses. It is not at all likely that 
we will ever heat extensively by electricity unless we can 
find scme way toconvert the energy of coal into electricity 
far more directly and with less waste than is done in the 
steam engine. When we consider that with the very best 
conditions and with the very best engines we can only re- 
alize a small percentage, 10 per cent., perhaps, of the heat- 
ing energy of the coal in electricity, and that when 
we convert that 10 per cent. of electricity 
into heat we simply get nothing more than 10 per cent., it 
is evident we cannot afford to burn nine pounds of coal to 
get the heat of one pound of coal, whereas by burning the 
coal directly we can use the heat directly and in almost full 
amount. I noticed a part of yesterday’s discussion was on 
the utilization of waste steam from an electric plant, and 
that seems to be a direction in which much valuable work 
can be done. There you have got through with the steam 
—got all the power you can out of it, and you have got an 
immense amount of heat left, which is enough for general 
heating purposes. There is a case of course where we can 
combine the two, not developing the heat by electricity, 
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but rather take the heat that is left over after we 
have got the electricity and use it for heating. 
Of course exhaust steam does not apply to special cases 
where heating is required to be very high; in that case we 
might finda moderate extension of the electrical method 
as in cooking on a limited scale. It isa simple matter to 
turn the current off, getting a moderate high temperature 
ovtof the resistance through which the current passes. 
There is no question in my mind but that there is to be a 
considerable extension of electrical heating apparatus 
where the conditions of economy are not so pressing as in 
the case I mention in general heating. 

I may close my remarks by saying a few words in regard 
to the electric railway. I hope indeed to live to see the 


_ time when some of our larger roads will be in operation as 


they should be, and can be, by electricity. I hope also 
the time may come when we shall have at our command 
an easy direct method of obtaining electricity from fuel. 
The cry now is: Can we obtain an electrical current di- 
rectly from coal without going through the steam engine 
and boiler, which must involve a large loss? It almost 
seems from what we hear occasionally from those who are 
engaged in working up matters in this connection, that we 
must wait for some new discovery. Whether in fact 


another Faraday will come forward and show us 
some principles which are not now’ known, 
some relations between electric energy and _ heat 


energy whereby we can convert, say, even 25 or 40 per 
cent.—we will be satisfied with that—we cannot say; we 
hope so, indeed. But look what it means if such things 
should come about : Our industries, electrically, to-day 
would be of the puniest character ; the steam engine 
would disappear; the locomotive would disappear; the 


. Steamship would not be propelled any longer by the steam 


boiler and the burning of fuel under the boiler. Fuel would 
be burned; we would have to rely upon the use of fuel, 
but it would be burned to produce a current; the apparatus 
would not be the steam engine, with its reciprocating 
motion, but the quiet rotary motion which characterizes the 
modern motor. It is not impossible to construct machines 
of that kind which would work up to many thousands of 
horse-power, thereby paralleling the modern steam engine 
which is used on board the steamship lines. 

Mr. E. R. Weeks, of Kansas City, called attention to the 
fact that some of the original Thomson-Houston 10-light 
arc machines made under Professor Thomson’s direction at 
New Britain, Conn., were still in use in the Kansas City 
central station. 

Mr. F. H. Monks, general manager of the West End 
Street Railway of Boston, was the first speaker upon the 
subject of electric traction. His practical acquaintance 
with the subject gave to his address unusual interest. His 
remarks in substance were as follows: 

The business of electric railroading, he said, did not have 
a glorious history, similar to the telegraph, the telephone 
and the electric light. It is yet in its infancy. 1t expects 
to live in the glorious future. The records show that in 
1835 Davenport of Vermont showed an electrical locomo- 
tive. In 1848 Farmer showed a locomotive and car 
attached, at Boston. In 1852 Congress voted $50,000 to be 
expended by Prof. Charles G. Page onan electrical loco- 
motive using batteries of the Grove type, and the experi- 
ments were partially successful. In 1850 Thomas Hall 
made an electrical locomotive that was the marvel of the 
time. In 1860 Hall exhibited an improvement on this, 
and ran it upon a circular track. Siemens used a third rail 
on an electric railwayin Berlin. The first operation of the 
Sprague system was in 1888, at Richmond, Va., and 40 or 
or more cars were run there before the end of the year. 
That practically brings electric railroading up to date. 

I had been told before coming here, Mr. Monks said, that 
reminiscences were to be indulged in, and I will, therefore, 
speak of the time 1 went to Richmond, in 1888, and received 
my baptism in electricity. I am not an expert in electri- 
city or electrical railroading. I have simply to do with 
the practical operation of the work. I found the condition 
of the Richmond road very bad. The roadbed was poor, 
the cars were worse. The cars carried pieces of rail at the 
rear, and when I asked what they were for I was told it 
was to jump the car over breaks in the road. The win- 
dows were all, or nearly all, broken, and they told me this 
was caused by the frequent falling of the trolley wires from 
overhead. I went up to the superintendent’s office and 
found it full of all sorts of apparatus, and in one corner 
among the other rubbish saw a salt box with a drum-head 
cover. I asked thesuperintendent what it was there for, 
and he answered : ‘‘ That’s my telephone. 1 sit here and I 
can always hear the cars coming along the line, and if one 
runs off, I know it and go down and help put it on.” Ina 
few moments I heard a confused sound, like a boy snap- 
ping 4 whip inthe next yard, and the superintendent said 
tome: ‘‘ Icantellif she gets off the track, never fear !” 

But all this is now past history, and with the West End 
Street Railway’s attempt to use electric cars we come to 
what is the electric railroading of to-day. On Jan. 1, 
1889, thé first electric car was started in Boston with the 
Sprague system, and later the Thomson-Houston system 
was adopted. I may say there has been a continued and 


renewed expression of confidence on the part of the people 
in the use of street cars propelled by electricity. 

We had difficulties to encounter in getting the trolley 
system at work in Boston, but we have overcome then. 
When the Grand Army was there we carried on our cars 
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8,000,000 passengers in ome week, and of these over 
1,000,000 went on the electric cars, without a hitch or a 
trip being missed. At present we have 60 miles of electric 
track, with 300 cars, and they travel 18,000 miles a day, 
and carry 100,000 to 125,000 passengers by electricity. 
The experiment has passed to the stage where the public not 
only consents to it, but demands it. From all quarters the 
demand comes, till it has become a question of not getting 
into it too fast; that is, of saving ourselves from getting 
stock that will prove useless before the inventions of next 
month or next year. We are but in ourinfancy. Much 
remains to be done by way of cheapening the products. 
Much remains to be done to get the proper form of a car 
for the railroad, for there may be a thousand-and-one 
electric systems that will meet with great success. There 
is nothing new in the business under the sun. Therefore 
we are compelled to go back to first principles to do our 
business. But, for one thing, I am of the opinion that the 
motor of the electric system of the future 1s not to be under 
the car. I do not believe that a motor can be built to work 
under a car which shall have the life and durability which 
the rough, hard and tough use of a street railway enforces. 
The electric street locomotive seems to me to be a thing 
that must come. The first reason is because a double 
equipment of cars is now necessary, because we need cars 
for winter and cars for summer. And the second reason 
is because we want to find out whether the same force will 
do for pleasant and stormy weather. What we are after is 
a motor that will work every one of the 365 days in a year, 
and the one who brings us that motor will be met with 
open arms. 

Professor Watkins then read a carefully thought-out 
paper on the place of electrical industries in history. The 
subject was a wide one, and the Professor’s treatment of it 
was necessarily somewhat general. His address, which 
was listened to with marked attention, was as follows: 


THE PLACE OF ELECTRICAL INDUSTRIES IN HISTORY. 
By Professor Watkins. 


It has seemed advisable to discuss the question relatively 
by comparing the recent progress made in the practical ap- 
plication of this new power in the useful arts and manu- 
factures with that made during the last two centuries in 
the utilization of steam, which until a few years ago was 
considered the greatest of the generated forces. 

The year 1890 murked the bi-centennial anniversary of 
an event of the greatest importance in the history of me- 
chanical engineering. 

In August, 1690, Denis Papin published his celebrated 
memoirs* entitled ‘‘A New way to Obtain Very Great Mo- 
tive Powers at Small Cost,” in which the production of a 
vacuum under a piston by the condensation of steam is de- 
scribed for the first time. 

The present year (1891) is the centennial anniversary of 
the granting of patents to Fitch, Rumsey and John 
Stevens for the application of steam to boat propulsion. 

During the 100 years that intervened between these two 
important events the steam engine invented and improved 
at the hands of Savery, Newcomen, Hornblower and Watt 
had been made commercially successful, and the states- 
men and political economists of every progressive nation 
believed that the new motive power was to be the prime 
factor in developing the resources of every civilized 
country. 

During the decade of the eighteenth century (1780-1790) 
which corresponds to the ten years of the nineteenth 
through which we have just passed—the decade so rich in 
the progress of electrical science, the conclusion of which 
we are assembled to celebrate —the engine works of Boul- 
ton and Watt at Soho occupied a position in the public 
mind similar to that of the laboratories of Edison at Menlo 
Park and of Bell at Washington in recent years. 

For the next half century (1790-1840) inventive thought 
throughout the world was directed to the solution of the 
problems of steam navigation and steam locomotion, the 
results of which will cause the Clermont, the Phoenix, the 
Savannah, the Sirius and the Great Western, and the 
names of the two Stevenses, Fulton and Ericsson, Trevi- 
thick and the two Stephensous, Hackworth, Jarvis, Allen 
and Baldwin, to be remembered through all time. 

The men whose genius taught us how to combine fire 
and water, to drain the mine, to furge the shaft, to propel 
the ship, to haul the train, to drive the loom, have long 
been regarded as the greatest benefactors of the human 
race, 

The origin and development of steam engineering mark 
an epoch which has thus far been considered the most im- 
portant in the record of human achievement. Shall elec- 
trical enginee:ing occupy an equally important place in 
history? 

The year 1891 also marks the centennial anniversary of 
Galvani’s great discovery, and the 90th of the publication 
by Volta of the principles of what has since been known 
as the voltaic pile; the 70th of Faraday’s discovery (Dec. 
25, 1821) that an electric current can induce another in a 
different circuit, making it possible to produce continuous 
motion by electricity; the 60th since Henry produced **mo- 
tion by a little machine,” ‘‘by magnetic attraction and re- 
pulsion,” the principle of which had ‘‘never before been 
applied in mechanics;” and the 50th of the granting of 
the patent to Morse for the electromagnetic system of teleg- 
raphy; the 40th of Professor Page’s experiment with an 
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electric locomotive, driven by primary batteries, on the 
Baltimore & Ohio Railroad; the 30th of the invention of 
the Siemens armature; the 20th of the completion of 
Gramme’s first arc light machine, and the 10th of the ap- 
plication of the electric current to car propulsion from an 
overhead wire, by Dr. Finney, of Pittsburgh, and the 10th 
of the establishment of electric lighting as an industry in 
-the United States. 

It seems remarkable that these important events should 
have occurred at intervals of centuries and decades. Truly, 
the year 1891 is an important milestone in the progress of 
electrical science. : 

From the lips of men eminent in the principal branches 
of electrical industry you have heard how the great de- 
partments which they represent originated, and how they 
have grown in public usefulness and in commercial im- 
portance. 

No words of mine can add to the fame of Henry, the 
discoverer; Vail, the inventor, and Morse, the promoter—the 
great triumvirate who gave to the world the magnetic tele- 
graph, the Ariel of the nineteenth century, bearing hourly 
tidings from every quarter of the globe. 

Pioneers in the field of invention and improvement in 
the telephone have already spoken of this great branch of 
electrical industry, the time and labor saver, which has 
done so much to add to the comfort and convenience of 
the home, the oftice and the workshop, and the perfection 
of which enables us to converse over long distances, per- 
mitting husband and wife, mother and son, lovers and 
friends to hear the sound of the familiar voices of those 
hundreds of miles away. 

Ten years ago I sat in the little park on the American 
side of the Falls of Niagara, which was for the first time 
lighted by arc lights, the dynamo for which was driven by 
a water wheel under the falls. I am told that the success 
of that experiment was what started men to thinking, ulti- 
mately resulting in the capitalization of the great company 
that is preparing to utilize this immense water power, 
which for centuries has been going to waste. 

Five years ago I stood on the banks of the River Rush in 
Ireland and saw a ‘turbine water-wheel turn the dynamo 
which furnished the electricity for what was then the long- 
est electrical railway in the world. Aiways accustomed to 
associate the consumption of carbon with locomotion, the 
utilization of a-waterfall to drive a train seemed almost to 
border upon the miraculous. The possibilities of using the 
abandoned water power of this country for making light 
and driving trains when fuel shall become scarce, which 
then dawned upon me, has grown in importance with the 
succeeding years. 

The electrical industries are called into service in every 
branch of human labor. If we visit the farm we see the 
electric motor applied to the threshing machine, while 
telpherage is found to be an economical means of col- 
lecting aod transporting grain and farm produce from 
the field to the store house and railway station. One pro- 
gres#ive farmer, controlling thousands of acres, sits at his 
desk and gives directions by telephone to overseers 
stationed at different points on his immense farm. 

Who can tell what influences the discovery of Sir Will- 
iam Siemens, that about two candle power per square foot 
diffused by the are light is sufficient to replace the sun in 
its action upon plant life, may have in the future upon flori- 
culture and horticulture in the land of short days and long, 
dismal nights ? . 

If we enter the mine we find the tunnels and gangways 
lighted by the electric light—the electric drill is at work in 
the heading, the electric fan produces ventilation, and the 
electric locomotive collects the coal or ore from the miners 
in the chamber and delivers it without heat or smoke to 
the steam railway for transportation. 

If we sail upon the sea our ship is guided by the mag- 
netic needle and steered by electric gear: we see the sub- 
marine torpedo boat propelled by electricity; in the light- 
house burns the electric beacon ; the electric search-light 
protects us from collision in the darkness and the fog, 
while electricity is put to a hundred other uses on ship- 
board. 

Upon the land we find in the United States alone enough 
electrical railroads in operation to reach from New York 
to Salt Lake City, if placed in one continuous line, and 
upon which nearly one million and a half passengers ride 
every day. 

We illuminate our public streets and parks, our railway 
stations and public halls, our offices and homes by electric 
systems, which 10 years agu were undiscovered or in the 
experimental stages. By the movement ofa single lever the 
area of a whole city isturned from darkness into the bright- 
est day. Central electrical lighting stations in America 
exceed the central gas lighting plants by over 50 per cent. 

If we visit the printing office we find that the news is 
collected by electricity, the presses are driven by electricity, 
the papers are printed from forms containing electrotypes, 
an electric folder and paster completes journals which are 
conveyed to the street for delivery by an electric elevator. 

Electro-plating and electro-welding aid the metallurgist 
in the arts and in the workshop, and the electric current 
enables him to separate his ores and produce cheaply the 
new metal of which we know so little and expect so much. 
The chemist practices electrolysis and uses the battery 
everywhere in qualitative and quantitative work. The 
physician, puzzled in his diagnosis, finds electricity a means 
of clearly elucidating the most intricate problems relating 
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to the nervous system, and in various electrical therapeutic 
appliances a curative agent with which he successfully 
combats the nervous diseases which are so prevalent in 
this era of what we are pleased tocall the highest civiliza- 
tion, 

By electricity frauds who feign sickness are detected in 
the hospitals; while capital punishment is inflicted upon 
criminals by the electric chair. 

The biologist and anatomist, following in the steps of the 
great Galvini, ponder over its mysterious effect upon mus- 
cular nerve tissue and wonder as to the future possibilities 
of utilizing electricivy for increasing nerve force and pro- 
longing life. 

In the fine arts the reproduction of relief work makes it 
possible to produce the replica to gratify the taste of the 
connoisseur. In photography, in submarine exploration, 
everywhere, the scientific investigator is assisted in his re- 
search by this great force. 

In the household electricity calls our servants, rings the 
fire alarm, summons the policeman and protects our houses 
from burglars at the doors and windows, and our safes by 
tbe time-lock. If we are so unfortunate as to burn gas— 
I say unfortunate, for each 16 c. p. gas jet consumes as 
much oxygeu as five grown persons—we light and extin- 
guish our gas chandeliers with the electric spark. It can be 
made to pump the water, drive the ventilating fan, run 
the sewing machine, rock the cradle and even boil the 
coffee. 

The mechanic, formerly dependent upon the factory, 
where for the sake of economy hundreds of employés 
were crowded into a few cubic feet of space, for a small 
outlay is able to enjoy the independence of the self-em- 
ployed by using the appliances which are placed at his 
command by the systems of electrical transmission of 
power. While the ‘factory girl”—the class for the 
creation of which we have been taught to praise Ark- 
wright, the founder of the factory system.—may tend the 
loom, or operate the sewing machine or other device in 
comfort, either in her own home or in apartments where 
proper sanitation and limited seclusion add to her bodily 
health and moral welfare. 

Cannot some political economist find in the cheap trans- 
mission of power over long distances the basis for the solu 
tion of some of the social problems of the day ? 

Surely the men who have invented and improved the 
dynamo and perfected methods for the transmission of 
power over long distances deserve the gratitude of their 
fellow men. They are entitled to. and will secure, a place 
in history beside other master minds whose life work has 
been devoted to the discovery of methods for the utilization 
of the forces of nature which were unused until inventive 
genius found a way to put them to work. 

And what of the future? Ignorant as we are of the 
nature of this marvelous agent. he would indeed be pre- 
sutaptuous who would dare to forecast it for even a decade. 
The electrical industries had their beginning coeval with 
the foundation of the nation, when the great philosopher 
Franklin, combining scientific investigation with states- 
manship (eripuit fulmen celo sceptrumque t,rannis), 
snatched the lightning from the clouds and the sceptre 
from tyrants. From the day of Franklin to those of 
Edison and Bell, America has been the bome of electrical 
invention. And there is not a nation in the world in 
which electrical devices are used without employing the 
results of American genius and the products of the Ameri- 
‘an factory. Well may the electrical inventors and manu- 
facturers of America point with pride to what has been 
accomplished during the decade the conclusion of which 
we celebrate to-day. 

The telegraph, the telephone, the dynamo and the many 
other results of their skilland genius exerted during the 
nineteenth century will stand in history alongside of the 
printing press, the reaper, the cotton gin, the steam engine, 
the locomotive, and the other great epoch-making inven- 
tions that have made the present era of civilization 
possible. 

After the reading of Mr. Watkins’ paper the following 
resolution was introduced by Mr, Ralph W. Pope: 

Resolved, That the National Electric Light Association, as- 
sembled to celebrate the decennial anniversary of the establish- 
ment of the electric lighting industry in the United States, fully 
appreciating the value of the discoveries and inventions of Joseph 
Henry, heartily approves of the proposition now before Congress to 
bestow substantial recompense upon the daughters of the great 
discoverer, who, during a lifetime devoted to science, received no 
financial compensation for the benefits he conferred upon man- 
kind, 

Resolved, That a copy of these resolutions be forwarded to both 
houses of Congress. 

The resolution was applauded, and passed by a unan- 
imous vote. 

To bring before the members the early history of the 
National Electric Light Association the following paper 
was read by one of the original members : 


THE ORGANIZATION OF THE NATIONAL ELECTRIC LIGHT As- 
SOCIATION, 


By C. W. Price. 

A few hours agoI was informed that owing to the ab- 
sence of Mr. Worthington I would be expected to respond 
to this theme—The Organization of the National Electric 
Light Association. Providence, with an electric light con- 
vention let loose upon it, is not the best place in the world 
to collect your thoughts. This you must accept as my 
apology for the hurried and brief remarks I shall make, and 
that they are brief no doubt you will be thankful. 





j 
4 









cs is a snne sseemampapmcetmmnll 





Fes. 23, 1891. 


Fortunately for me, though perhaps not for the associa- 
tion, I was present at the birth of the National Electric 
Light Association, an organization which through many 
changes of everything else has never changed its name, 
and is still known by the title given it in Chicago six years 
ago. I think every line of the first constitution and by- 
laws has been changed, with this exception, for when 
other portions of the programme failed, a report of the 
Committee on Amendments would be depended on, and 
such committee was appointed as regularly as the associa- 
tion assembled in convention, These amendments were 
not always improvements. Having hada humble part in 
the construction of the first constitution, you will under- 
stand, of course, I can speak from an unprejudiced stand- 
point. 

The first convention was composed of many of the pio- 
neers of electrical work, energetic and progressive men. 
Next to those engaged in electric lighting, gentlemen rep- 
resenting the carbon industry were the most numerous— 
not even excepting at that time the newspaper men—and 
our friends who dealt in general electrical supplies lent 
friendly and able aid at all times. No one seemed to fully 
understand why the meeting had been called, one delegate 
stating at the first session that he came _ because his parent 
company advised him not to. 

The first meeting of the National Electric Light Associa- 
tion was held in the parlors of the Grand Pacific Hotel, 
Chicago, at 11 o'clock A. M., Feb. 25, 1885, six years ago. 
Mr. William A. Hovey, at that time one of the editors of 
the Electrical Review, of New York, called the meeting 
to order, and stated that the call had been issued by his 
journal on the request of a large number engaged in the 
business of supplying electric light. 

George S. Bowen, Esq., then with the Van Depoele Elec- 
tric Light Company, of Chicago, was elected temporary 
chairman, and Mr. Henry Dwight Stanley, then and now, 
and probably forever, representing the Bridgeport Brass 
Company, was elected temporary secretary. Mr. Bowen on 
taking the chair spoke briefly of the bright future he 
thought was in store for the electric light, remarked that 
the science was ‘‘still in its infancy,” and expressed a con- 
fidence that valuable results would grow out of the conven- 
tion. You all agree. undoubtedly, with Mr. Bowen’s pre- 
dictions. 

A committee on credentials and permanent organization 
was appointed, consisting of the following named gentle- 
men: Charles A. Brown, of Chicago; C. J. Richards, Ra- 
cine, Wis.; George Herbert Wadsworth, Cleveland (since 
deceased): Frank Ridlon, of Boston, and 8S. Baldwin, of 
Baltimore. 

A committee on programme and progress of business 
(please note the title), consisting of about one-third of the 
delegates to the convention, was appointed, and then we 
adjourned for lunch. 

On re-convening, Mayor Carter Harrison, of Chicago, 
welcomed the visitors. Speaking from memory, I remem- 
ber that he said that ‘‘Electricity was the most subtle of 
fluids; that it was the most powerful, the greatest agency 
handled by man.” It was, he said, ‘‘the breath of Deity. 
It could rend the giant oak, melt the granite of ages; yet 
jn the incandescent light it was as soft as down on a 
woman’s cheek.” ‘Then we all stood up and cheered Car- 
ter Harrison. 

Prof. Elisha Gray also spoke a few words of welcome, 
and gave electricity the credit of being the greatest wonder 
of the century, and varied the infancy remark by predict- 
ing that we were only on the threshold of its wonders. 
Then all applauded Prof. Gray, and everybody present felt 
proud of his calling. 

The committee on permanent organization, which had 
been penned up in a room and compelled to go hungry until 
the report was made, then filed into the convention. The 
peaceful look on their countenances gave no indication of the 
strife and controversy that had occurred in that committee 
room, where they had been in attendance on the birth of 
this association. The committee was fortunately a com- 
prehensive one, and from a host of candidates made ad- 
mirable selections. as follows, and the report was unani- 
mously adopted by the convention: 

President—J. F. Morrison, Baltimore. 

Vice-Presidents—H. M. Cleveland, of Hartford, Conn. ; 
J. H. Yarbrough, Nashville, Tenn.; E. R. Weeks, Kansas 
City, Mo. 

Secretary and Treasurer—William A. Hovey, of New 
York. 

Executive Committee-—-George 8S. Bowen, of Chicago; 
Wm. Hochhausen, of New York; Gilbert Donaldson, of St. 
Paul; Frank Ridlon. of Boston; John R. Fletcher, of 
Akron, Ohio, and Geo. O’Connor, of New Orleans. 

Mr. Morrison thanked the convention for the honor, and 
in a brief address opened the convention for the business that 
had brought many of the members hundreds of miles. 

The committee on digest of papers and the programme of 
business reported the following order of proceedings and 
topics for discussion, which, I think, will not be uninterest- 
jpg to give in full here: 

1. Incandescent lights particularly in regard to length of circuit 
upon which they can be run with profit. (You will see even at 
that time tnese scientists and engineers were not working solely 
for their health.) 

2. Locating and avoiding crosses with telephone wires. 

3. Power and its conversion into light. 

4. Electric light globes and shades. 


5. The best modes of connecting dynamos with power. 
6. Electric lighting by water power, 
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7. Rates and rebates of electric lights by the year. 

8. The use of electricity as app ied to motors. 

9. When an electric light system requires No. 6 conductor, is it 
desirable to use Nos. 6 and 4 in the same line? 

10. Will armatures become affected by frost when exposed in 


transportation? 
11. Special insulation on guards to insulation of lines at danger’ 


ous points and places. 

12. Street lighting—the best manner and modes of accomplish- 
ment, embracing the location of lightsand running of circuits. 

13. Experience and results in the use of underground conductors. 

14. Resolved, That the fireman should receive more pay than the 
engineer. 

15. Help generally. 

16. Experience of electric light companies in the use of copper 
coated and uncoated carbons. 

In the light of the present, the discussion which followed 
would prove very interesting and, in some instances, 
laughable. But the convention report, which was pub- 
lished, gives you all this, and I need not make lengthy 
mention here. 

Iremember that the convention was astonished by the 
figures given by Mr. George Fletcher, of Dixon, IIl., of the 
cost to him per light. Some one asked him how much he 
paid his engineer; who was his engineer? ‘‘The good 
Lord is my engineer,” said Mr. Fletcher. This he explained 
by stating that he employed water power, by means of 
which a turbine water wheel ran a sawmill and other mills 
and, incidentally, his electric light plant. 

Mr. Van Depoele stated that electricity could be used for 
transmitting power. No one will dispute that fact to-day. 
or that Mr. Van Depoele was one of the first to prove it. 

Proposition 9, relating to the use of the Nos. 6 and 4 wires 
in the same line, was decided in the affirmative. Whether 
frost could damage armatures in transportation was an- 
swered in the negative by Mr. Van Depoele, Mr. Sperry ex- 
pressing some doubt. 

The principal sections of the constitution and by-laws, 
as adopted, were as follows: 

ARTICLE IL. 


The members of this association sball be companies, firms or in- 
dividuals operating electric light plants or manufacturing electric 


lighting apparatus. 
ARTICLE III. 


Companies, individuals or firms, engaged in the manufacture of 
machinery or apparatus connected with electric lighting, may be 
admitted to associate membership by a vote of the executive com- 
mittee. Sueh associate members shall pay the same dues as mem 
bers; shall be entitled to seats at all meetings, but shall have no 
vote; shall be ineligible to oftice and shall be entitled to the 
floor only at the request of the executive committee or presiding 
officer. 

This convention adjourned after a two days’ session, and 
its subsequent history you are all well acquainted with. 

In conclusion, it is scarcely necessary for me to speak of 
the great usefulness and wide influence of this association. 
Starting with a membership of less than 50, it now has, I 
believe, several hundred, and it has been the means of pro- 
moting a fraternal feeling throughout the entire electrical 
industry, of at once bringing to the front the most mer- 
itorious work of the alert inventors, and to an extent, not 
easily calculable, made every electric light man acquainted 
with the most successful and modern manner of conduct- 
ing his business. Neither can it be said to have fulfilled its 
mission. There is much and stillgreater work to do as this 
great science contintes to expand. No organization, and I 
speak advisably, has done as much to promote the best in- 
terests of the whole field of this industry as your associa- 
tion. 

That the good work, begun in doubt and with many mis- 
givings in the city of Chicago six years ago, may continue 
to still greater usefulness and honor is the sincere wish 
of your present speaker. 

Mr. J. H. Herrick, of the Edison General Electric Com- 
pany, upon being introduced, said: 

‘‘Apart from the very great honor of appearing for the 
first time at the decennial celebration of the electric 
light people in this country, I find myself in an 
exceedingly embarrassing position. I hold in my hand an 
invitation which I received with great pleasure so long as 
I perused the first two lines. When I got down a little 
further in it I discovered that I was not called upon to 
make a set speech, and if I could not make one, I 
might write it, and it would be read. Imagine my condi- 
tion when I have never made a set speech, and I had never 
I am called upon, also, in a measure, to rep- 
resent Mr. Edison, as I perceive from the _in- 
vitation that Mr. Edison, as _ usual, declined 
to come or was not able to come. I feel utterly unable to 
represent Mr. Edison in anything, not even the modesty 
which is his pre-eminent gift.” He then gave a brief ac- 
count of the struggles of Edison in his early development 
of the incandescent light, and called attention to some of 
the improvements brought about by that method of illumi- 
nation. 

Following Mr. Herrick came Mr. E. Wilbur Rice, Jr., of 
the Thomson-Houston Company, who spoke in brief rem- 
iniscence of the early years of Professor Thomson’s ex- 
periments, and the struggles of the early days of electric 
traction. 

Mr. George M. Phelps introduced the following resolu- 
tion, which was passed by a unanimous vote: 


written one. 


WHEREAS, The members of the National Electric Light Asso- 
ciation, assembled in its 13th convention, have learned of the 
serious illness of Mr. George Worthington, whose genial presence 
is missed by all, and whose continuous service to electrical indus- 
tries in promoting the organization of the association is recalled by 
all, it is 
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Resolved, That the association hereby expresses its cordial esteem 
for Mr. Worthington, its appreciation of his many services and 
its heartfelt wishes for his early recovery of health and strengtn; 
and that the secretary be requested to forwarda copy of this 
resolution to Mr. Worthington. 


Mr. F. J. Sprague, to whom so much of the develop- 
ment of the modern electric railway is due, was next called 
upon, and he responded in substance as follows: 


I feel somewhat embarrassed by being called upon to 
speak here to-day. The request that I do so has been 
somewhat sudden. While the hum of the motor may be 
called the song of emancipation, like the hum of many 
another song, it is best when quietest; and since my 
musical education was early neglected, I am not able to 
compose music to go with it. 


I once made the remark that lowed much to Providence 
energy and the industries of Providence for some of the 
earliest success in electric railway work. A gentleman 
looked at me and said in a somewhat sarcastic manner, “I 
think you do owe much to Providence.” Our thoughts to- 
day seem to run in a reminiscent path, and I will indulge 
a little bit in that direction myself. While the commercial 
history of electric railways is in many respects well known, 
perhaps some of the inside history is not so well known, 
and the story which I shall tell in a very brief way is 
nothing more nor less than the story which is common 
to every earlier enthusiast in the commercial development 
of electric railways and of electric lighting. 

I remember in 1879 1 was on duty on board a naval ves- 
sel on the coast of Japan. I had before that time been at 
the Naval Academy and had graduated there in 1878, and 
just at that time Edison, Bell and other electricians were 
prominent in the field, and there was stirred up in me a 
love for electrical matters and a desire to be associated 
in some way with their development. The United States 
Navy Department at that time was not very encourag- 
ambition. I went the way of all 
drifted out to Asia: but 


ing to any such 


other midshipmen and 


the story kept coming of the discoveries made 
in electric lighting by Thomson, Brush and _ others 
—all these things came drifting out there, and I 


became very nervous under it. At that time I was 
trying to invent an electric motor, and I meditated very 
seriously sending a request to the Navy Department to be 
allowed to come home on a sailing vessel—I could not 
afford to go home onasteamer. Well, by some good in- 
tervention, ] was ordered back to the United States, and I 
went to Ansonia, Conn., and saw an experiment in the 
transmission of power which was very remarkable. Mr. 
Wallace, of Wallace & Sons, of Ansonia, isa man whose 


position in the history of this enterprise has never 


been fully appreciated. I went there, knowing 
him personally, and was taken through his _facto- 
ries, and he said to me: ‘* Sprague, let me show 


you something.” He had one of those old four-pole 
armature machines. He had it connected with a dynamo; 
he turned on the current, and pretty soon this thing was 
running two or three thousand revolutions a minute. He 
said: ‘It is no good.” Lasked why. He turned to one of the 
men and said: ‘‘Get hold of the armature.” This armature, 
I suppose, was about 10 inches in diameter. The man got 
hold with the brake on the rim of it, and finally began to 
bring it down, lowering its speed, and finally brought it to 
a dead rest. In that simple experiment he outlined and he 
overlooked the most remarkable fact that he had to deal 
with—that the energy which was being developed was not 
the sole question, but its torsional effort multiplied by the 
speed with which tt was traveling. Had Mr. Wallace 
seized on that single point, or had I or anybody else at that 
time, the transmission of power would then have been very 
much advanced. 

Mr. Wallace at that time, if I remember rightly, was 
building a machine invented by Mr. Farmer, certainly one of 
the earliest and most esteemed pioneers of electric science 
in this country. Mr. Farmer was then a crippled man, 
contined to his chair. He was attached to the torpedo 
station at Newport, and had invented a machine for 
use in torpedo work on board ship. One of his machines 
was one of the first machines that I ever had the pleasure 
of dealing with. With a lack, perhaps, of some of the 
formalities which are necessary in official life, 1 applied 
for the whole second floor of the machine shop in the 
Brooklyn Navy Yard. I think that was in 1880 or 1881. 
I got one lathe, and in that lathe I set up a Wallace- 
Farmer machine and made the first experiment I 
ever made in the building of a dynamo or motor. My work 
from that time fell off. My duties called me out of the 
United States, and it was not until 1882, at the Electrical 
Exposition in London, that I was brought to a considera- 
tion of the tremendous advance that electricity was mak- 
ing. Of the history of the electric railway enterprise, 
however, you areall well aware, though perhaps you are 
not familiar with some of the inside difficulties with which 
we had to deal, and the amount which was necessary to 
conceal from the general public. The contract for that 
Richmond road was taken in_ 1887, I had never 
seen the road. I remember to this day the im- 
pression that came over me. I had been talking 
with John Stephenson, the pioneer car-builder of the 
United States, and he said: ‘‘I do not believe that any self- 
propelling car can operate under street car conditions; I 
am acquainted with fourteen in the city of Paris.” I said: 
‘¢ Mr. Stephensun, there has been one difficulty with those 
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—not one of them utilizes the weight of ‘the car for pur- 
poses of traction.” The first machines that were built were 
built for storag@ battery experiments on the West End Rail- 
way, Boston. Subsequently, when I went to Richmond I 
saw a grade of ten per cent. My heart fell within me, and I 
said, itis utterly impossible for any car toclimb that hiJl. I 
came back to New York and had some consultation in 
a retired room there that settled this question: Is it 
possible for any car to mount a ten per cent. grade? 
Everybody said it was not, and I confess that I myself 
thought it was impossible. Shall we use a cable on that 
ten per cent. grade and trust to electricity for the balance, 
or shall we change the gearing of the machines? We had 
a single-geared machine. Mr. Johnson, who I think is a 
sort of John the Baptist in the electrical profession—a sort 
of forerunner of good things—said we had better find if we 
could get up the grade atall. Back to Richmond I posted. I 
started out one night when there had been an election and 
the streets were filled with a crowd of drunken men. 
We went down in great shape, and then just before us 
was this grade, I said to the superintendent: ‘‘We cannot 
mount it.” ‘‘Well,” he said, ‘it will go up, and I will bet 
you $5 I will take you up.” We started and we mounted 
the hill. When we got to the top it had settled the question 
of traction on a ten per cent. grade; it had also settled the 
fact that the motors we had were altogether too small and 
too light, because they were hotter than perhaps the fur- 
nace in an electric welding apparatus, Getting to the top, 
we thought the best thing we could do was to stand still a 
little while. One of my assistants, Mr. Green, was with 
me. I said to him: ‘‘Green, I think we had better send for 
some instruments ; I think a little accident has happened 
to one of the machines.” So we laid down in the bcttom 
of the car until he got those instruments, which were four 
strong mules, for it was necessary to get that car back into 
the car-shed that night. 

As I say, we are indebted very much to Providence skill 
and energy for the success of that road. That fact brought 
me face to face with the fact that it was necessary to make 
a complete change on 60 machines in Richmond in the 
matter of gearing. I was utterly at a loss what to do. 
There was no factory that I could go to in the world to get 
that built, except one, and that was the shop of Brown & 
Sharpe in this city. I said to the foreman: ‘‘We have met 
the worst obstacle I have ever seen in Richmond. We 
have got 60 cars, and are under contract to run. If we fail 
there, we delay the electrical development of this country; 
we likewise personally go up. Now, I have got every- 
thing at stake; I and my associates have got every 
dollar at stake; the electric railway in this country is 
largely at stake. The road has got to go,and go it must. 
Will you do for me what I ask and put as many men and 
as much money and material as will be needed at my com- 
mand for 24 hours a day until I recover the position we 
have lost?’ He said: ‘I will.” Tkey went to work and 
made probably the most difficult piece of gearing they 
were ever called to make; they made it in the course of 
four or five weeks. ‘We started again in Richmond on 
February 2, 1888. The gearing had all stuck for lack 
of oil. Then the next thing we found was that the ar- 
matures were too large, and so we had to resort to electro- 
cution; we had to cut off their heads, and every armature 
we had had to be rebuilt. We were using a 450 volt 
grounded circuit with a machine that was covered with 
water and mud. Every field magnet had been wound and 
rewound three or four times. 

Our next experience was that our armatures were going 
to pieces. We had tried no less than 65 different kinds of 
trolleys, and had got one that worked reasonably well. We 
were attempting to run motors in both directions, and with 
a brush that was difficult to handle, and after trying a 
great variety of brushes we finally settled upon square bars 
of brass about three-eighths of an inch square, and every 
time the car would go through the street you would see a 
shower of brass dust, so we bad the whole road marked 
from one end of the town to the other with a sort of golden 
path. The copper we were using was costing us $9 a day, 
and it was raw material, Subsequently we adopted the use 
of carbon. That inside history of some of the work at 
Richmond has, of course, not ordinarily been told. I think 
the time has come when there is no harm in telling it. I 
think that people would have looked on the electric railway 
as out of the question if they had known of the straits we 
were going through. 

With electric railway development in the last three years 
you have become perfectly familiar. The first geared 
machine, that is, a machine that was centered on the driv- 
ing axle and geared to the car axle, was built by the Brown 
& Sharpe Company. They had one of the elevated railroad 
trucks in their shop some five or six weeks, and I think 
they are satisfied it will be the last they will ever have. 
The Armington & Sims engine of this city was the first 
engine we used, and the engines put in at Richmond have 
never, to my knowledge, been changed or caused the 
slightest trouble from that day to this. The wire we first 
used was made by the American Electric Company of this 
city. The forgings we used were from Bridgeport. So 
almost all material and work done at Richmond either 
emanated from Providence or from places within a short 
distance of it. 

There is a profession which owes much to the efforts of 
the electric railway people, and that is the legal fraternity. 
I see a representative here of an enterprising industry with 





which we have had some conflict—the Bell Telephone 
Company. I have heard since I have been here a criticism 
that T should have been an advocate of an overhead wire— 
one only, remember—and had taken upon myself to get 
out an injunction against the Metropolitan Bell Tele- 
phoue Company of New York. About two or three 
weeks ago we had a very providential storm. In 
what I consider one of the most beautiful portions of New 
York there is a magnificent line of poles with 170 beauti- 
ful wires in all directions and one to cap them, making 
171 wires. A flaky fall of snow occurred and we found 
this army of poles lying flat in the street. We thought 
that the telephone company had so well built their line 
that Providence never would aid us. But after the storm we 
immediately had a meeting of the property holders and by 
the next morning we had an injuction against the erection 
and maintenance of any polesor wires on. the street. I 
have been somewhat criticised, but I think it nothing more 
than turning the tables on that company which for the 
past two years has been so successful in sitting down on 
the infringers of its patents; and I think the public has 
some reason to be satisfied, because the grounded circuit 
telephone is very largely| disappearing from use, and, 
more perfect telephone service is being adopted, and 60 
per cent., if I remember rightly, of the lines in New York 
city are now underground, and we hope to see the balance 
of them there. 

As to the future of the electric railway, I heard with 
some interest what Mr. Monks stated. His objections to the 
double equipment have been based somewhat upon the cost. 
I think we all know the experience the electric lighting ap- 
paratus has gone through, and none of us can doubt, who 
know the experience electric railway apparatus has gone 
through, that it is going to be made more simple, lighter, 
stronger, more reliable and at much less expense, so that 
the objection which he raises I think is not entirely a 
sound one; it is based upon past results, not upon future 
promises. The gearing of the present motor will disappear 
from the electric motor of the future, and it is a very near 
future. It will be an electric motor driving direct without 
any reduction whatever. Its revolutions will be coincident 
with the revolutions of the wheel. The day of the gearing 
is fast approaching an end, and surely those who have had 
experience with gears of electric motors can feel encour- 
aged by that fact. 


Of late I have been not exactly in the position of Mr. 
Thomson, where the infant swallowed up the larger speci- 
men, but I have been very much in the position where 
the infant got very thoroughly swallowed up. 

In New York City the question of rapid transit is com- 
ing to the front. That we shall have there electric rail- 
way transit I think that no man who knows the history of 
this industry will doubt. What form it will take no man 
will tell. While I am an advocate of one wire, if neces- 
sary, overhead, lam an advocate of putting everything 
underground as far as possible. I do not believe in 
the theory of God’s free air in New York City where the 
air is monopolized by three things—buildings from 10 to 14 
stories high, the elevated railroad and the Bell Telephone 
Company. But I believe in God’s free earth, where we 
can go independent of grades and independent of 
weather conditions. We have had the most remark- 
able example of that method of operation in London. 
I had the pleasure of visiting the Suburban and South 
London Railway under the guidance of Mr. Hopkinson, 
the engineer. I told him there could be no question of 
the success of that enterprise ; and I think the reports re- 
ceived here since from the other side have shown the cor- 
rectness of that prediction. I thank you, gentlemen, for 
your kindness. (Applause.) 

After the discussion of the more technical portions of 
electrical industry had heen concluded, Mr. F. 8. Terry, of 
Chicago, one of the founders of the National Electric Light 
Association, in response to an invitation from President 
Perry. gave the following brief account of the formation 
of the association that was there gathered at its thirteenth 
convention : 

In the latter part of December, 1884, Mr. George S. 
Bowen made the suggestion of calling the electric lighting 
companies doing business at that time together, and, with 
them as a nucleus, to form an organization to be national 
in its character, and modeled after the then existing Gas 
Association. This suggestion was made to several of 
those interested in electrical matters in Chicago, and it 
was finally decided, after many futile discussions, to call a 
meeting to perfect the necessary plans for such an 
organization, and a date was decided upon for this 
meeting. There was but little interest displayed in the 
matter, however, and so few were present that nothing 
was accomplished, and it gradually became under- 
stood that the proposed plan had fallen through. 
In the early part of February, 1885, the subject was again 
revived, and sufficient interest excited, so that a meeting 
was held, eight or ten being present. I give the names 
from memory, and my list may not be entirely correct. 
At the meeting it was decided to issue invitations for a 
convention to be held in Chicago, and a committee on in- 
vitations and arrangements, composed of Messrs. George 
8S. Bowen, E. A. Sperry and myself, was appointed. Of 
electrical journals, the first to take notice of the National 
Electric Light Association, and to publish the call fora 
meeting in Chicago, was the Electrical Review of New 
York. 
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The only meeting of the. Committee on Arrangements 
was held at the office of the Electrical Supply Compeny, 
then located at 175 Lake street, Chicago, at which the form 
of invitation was arranged, and at which it was decided to 
correspond with some of the principal electricians of the 
country, requesting them to be present if possible, and to 
read a paper before theconvention. The details incidental 
to preparing the invitation and issuing it, as well as the 
correspondence in reference to the papers, were left to my- 
self. As there were at that time no directories or lists of 
electric lighting companies, we were obliged to depend on 
the books of the Electrical Supply Company for our list of 
names, and to more fully cover the field we took in addi- 
tion to that list the cities in the United States with 20,000 
inhabitants and over. In many cases we found it neces- 
sary to direct our attention to the ‘‘electric light company” 
that we thought might be located in each of these cities. 

We entered into correspondence with Thomas A. Edi- 
son, Charles F. Brush and Elihu Thomson, requesting 
them to attend the convention. and received replies from 
all three, stating that they would be unable to comply 
with our request 

About Feb. 18, 1885, a meeting was held at the 
Grand Pacific Hotel, Chicago, and George 8S. Bowen was 
elected temporary chairman, and afterward the organi- 
zation was completed with J. Frank Morrison as president. 
While during the preliminary work we had much hope 
and some idea that certain good results would attend a 
conference of all those interested in electric lighting; we 
none of us, of course, realized the extent of the benefits 
which would ultimately result. At that time each of us 
was interested in our object of organizing a national asso- 
ciation, as we believed that it would be a good thing, and 
of mutual benefit to all, and it seemed necessary that 
some one should start it. What this association has grown 
into, the constantly increasing interest excited by the pres- 
ent National Electric Light Association and its increasing 
scope of usefulness can bear witness. 

An adjournment was then taken until 3:30 P. M. 

After the delegates had finished their much belated din- 
ner and post-prandial cigar, they gathered again with the 
special purpose of listening to what in many respects may 
be considered the most striking paper of the Convention. 
If there is one man in the electrical world to-day who is 
competent from vast experience and intimate acquaint- 
ance to speak of the arc light, that man is Prof. Elihu 
Thomson, and his paper on the electric are was listened to 
with the greatest interest. As will be seen from the text 
of the paper subjoined, the speaker dealt with the facts 
and fallacies concerning the nature of the arc and with the 
very ingenious mechanisms that have been devised to ren- 
der it subservient to practical needs. 


THE ELECTRIC ARC AND ITS USE IN LIGHTING. 
By Elihu Thomson. 

It is curious that notwithstanding the fact that asa 
source of illumination the electric arc has been known 
since the beginning of the century, the scientific study of 
its nature has been but little pursued. It began to be 
known asa sort of scientific curiosity, being at first set 
apart as one of the many phenomena observed in the use 
of powerful batteries. It was not till about twenty years 
after its discovery by Sir Humphrey Davy that any pro- 
posals were made to use it in lighting, and, subsequently, 
for many years it was occasionally employed either in 
lecture demonstration or in obtaining an intense light for 
some special purpose. 

The efforts to use it in lighthouses led to the designing 
and construction of machines on the magneto-electric 
principle to replace the cumbrous and costly batteries 
otherwise required. I remember vividly the hours of labor 
and time necessary to prepare a battery of 40 Bunsen cells 
for use in working a single small arc light for, at most, two 
or three hours. But I remember far more vividly the 
suffocating fumes and risk of acid spilling, with accom- 
panyiog ruin concomitant on the taking down of a partially 
exhausted battery. Even to work with the arc for an hour 
or two was, however, adjudged a sufficient compensation 
for the disadvantages in obtaining the current. All this 
has, however, been changed, and the past 10 or 15 years 
has made the arc asa source of illumination one of the 
indispensables of a progressive community. Instead of the 
original sticks of boxwood or charcoal used as ‘‘points,” 
which were only ‘‘points” because it was not expected that 
the arc would be burned for more than a few minutes 
without exhausting the battery, there came later on the 
little hard carbon sticks about two inches long and 3-16 
inches square, sawn from hard gas-retort carbon, or from 
battery plates, and lastly came the molded and forced 
carbons made from a paste in a powerful press, millions of 
which are now required every week to keep the lamps at 
present in use supplied. 

The charcoal points of Davy were touched together hori- 
zontally after attachment of the wires to the battery, and 
were then separated. The stream of hot flame which fol- 
lowed or joined the points being deflected by air currents 
took the form of an arch or curve, which gave the name to 
the phenomenon. Even with one carbon directly over the 
other, the curved form of the stream is the rule when the 
carbons are widely separated. Davy’s original experiment 
was made with a battery of 2,000 cells, with zinc and cop- 
per plates about six inches square, the exciting fluid being 
very dilute sulphuric and nitric acids, 
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Davy’s description is as follows: ‘‘ When pieces of char- 
coal about an inch long and one-sixth of an inch in dia- 
meter were brought near each other (within the thirtieth 
or fortieth part of an inch) a bright spark was produced, 
and more than half the volume of the charcoal became 
ignited to whiteness; and, by withdrawing the points from 
each other, a constant discharge took place through the 
heated air in a space equal at least to four inches, produc- 
ing a most brilliant ascending arch of light, broad and 
conical in form in the middle.” This was evidently a long- 
flaming and horizontal arc. I find this form shown in a 
book published as late as 1846, Davis’ Manual of Magnetism. 
Indeed, I know of no more forcible example of the per- 
sistency of old ideas than is afforded by the accounts given 
in the books concerning the nature of the electric arc. 
The carbons are generally shown crusted over with dense 
masses of impurities melted into globules or adhering to 
their sides (Fig. 1). Such figures would not now be 
recognized as resembling ares formed with good, pure car- 
bons, such as must be used for commercial results in arc 
work. 

Figs. 2 to 4, inclusive, show the development at least in 
illustration concerning the electric arc. 

Fig. 2 is from Davis’ Manual, referred to. 

Fig. 3 is one of the figures showing the arc, taken from 
Ganot’s Physics, published in 1863. Though the figure is 
from the seventh edition, 1886, it is virtually the former fig- 
ures made verticai. 

Fig. 4 is a figure of a modern arc. 

In regard to the idea put forward as to the nature of the 
electric arc there is even a wider divergence than in the 
figures used for representing it. But these views are re- 
markable for their general inaccuracy or crudity and evi- 
dently have been handed down with modifications. Few 


SS 





Fig. 3. 


of those who have written about the electric arc, at least 
in the text-books, seem to have had the courage to look at 
the are, or they may have seen it ‘‘ through a glass darkly 
and not face to face.” It would require too many and 
lengthy quotations to give these various views. In most 
of them the light of the arc is attributed to intensely 
heated carbon particles transported by the current from 
one pole to the other. In most of them the idea of carbon 
vapor as a possible factor never seems to have arisen. 
Others attribute the arc to the heated air between the 
carbons which carries carbon particles, some of which are 
burned. 

The following quotation from a book on electric light- 
ing, published in 1884, is a type of many such accounts : 

‘‘In arc lamps, as we have already stated, the resistance 
which converts the current into heat is that of the heated 
air between the ends of two carbon rods, from one to 
the other of which the current passes. The light is pro- 
duced by the incandescence of the ends of the carbon poles, 
and of the minute particles of carbon which become de- 
tached and float in the heated air hetween them. The 
heated air containing the particles of carbon forms what is 
called the electric arc.” 

Here the heated air and carbon particles floating therein 
are definitely stated to form the ‘electric arc.” Nothing 
is said of carbon vapor having anything to do with it. 

Even the statement that the positive carbon burns twice 
as fast as the negative is very frequently found unquali- 
fied in any way whatever. The experience of the lamp 
trimmer is, I need scarcely say, not in accordance there- 
with, the fact being that the rate of consumption, even in 
direct current arcs with the same size carbon in both hold- 
ers, varied sometimes quite widely from the proportion 
Stated. However, we shall make better progress if we dis- 
card atonce the older notions, and, adhering only to that 
modicum of truth which often accompanies error, sup- 
plant the error by the results of our own observations and 
*xperiments. My endeavor will, therefore, be to state as 
briefly as I can such views of the nature of the electric arc 
as seem to be borne out by observation during many years, 
and under greatly varying conditions of its production, 
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Let an attempt be made to separate any part of a circuit 
in which the current is maintained by asufficient E. M. F. 
or potential, and we find that if the separated ends are 
moved quickly we get a flash or spark of varying length, 
which becomes a flame of great heating effect if the cur- 
rent be of large rate of flow. If the separation of the two 
parts of the circuit be made slowly, a continuous flame or 
discharge will take place between the ends if they be not 
too widely separated, or so widely separated that the po- 
tential or pressure of the current is not sufficient to force 
current across the space. With considerable potentials and 
heavy currents a space of many inches may thus be 
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bridged. Whether the separated ends be of iron, copper, 
platinum, zinc or other conductor, the hot discharge is still 
formed. Therefore, while the electric arc is generally 
spoken of as that flux occurring between carbon ends sep- 
arated, of course it cannot be so limited, and we frequently, 
therefore, refer to copper arcs, iron arcs, carbon arcs, to 
distinguish one from the other. What, then, is the arc so 
formed? Is it heated air betwee: the ends separated 
containing detached particles of the conductor 
in process of carriage, as was apparently thought 
for a long time to be the case? No, the arc eproper 
is composed of a stream of vapor arising from the actual 
boiling or vaporization of the solid or fused ends of the 
separated conductors. In so far as the surrounding air 
mixes or combines with this vapor stream, it is modified 
by the presence of oxygen and nitrogen, but the air, or 
any other gas, is not essential to be present and is merely 
incidental to the formation of the true arc stream in air. 
Indeed, it may seem strange to some to speak of vapor of 
carbon, copper, iron, platinum, etc., but their production 
is merely a question of temperature in any case. In the 
electric arc there is a real distillation of the conductors 
forming it, and this accounts for the variation of color and 
temperature to be found in different arcs. The copper 
arc evolves a peculiar green light, which is exceedingly 
trying to the eyes, asthose who have experienced its effects 
well know. Zinc gives a whitish blue, while the carbon 
arc proper is purplish in tint. The arcs from various 
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metals give, in the spectroscope, the characteristic lines of 
the vapor of each metal. 

As a curious incident, showing the presence of the metal 
vapor in the arc, I may mention the fact that when by 
accident a person has had a portion of his clothing bathed 
for an instant in a heavy copper arc caused by a short 
circuit of heavy current mains there has been found a con- 
siderable deposit of copper, enough, in some cases, to give 
the reddish color of copper to the surface bathed, which 
if moistened turns green by oxidation. It also givesa 
deep blue to dilute ammonia in which it is washed, thus 
showing the presence of copper. In like manner these 
metallic arcs will give a deposit of the metal on cold sur- 
faces which they touch. 

It appears to be the positive pole which gives out the 
vapor stream. With carbon the positive vaporizes steadily 
and is consumed much faster than the negative. In the 
use of the arc, however, for lighting, we have learned to 
distinguish between what is called a ‘‘short arc” and a 
“long arc” system. In short arc systems the carbons are 
burned much nearer together than in the long arc sys- 
tems. Let us suppose the case of two carbons touching 
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each other with a current passing, and then that we very 
slowly separate them, stopping to observe effects. When 
the contact is light, before actual separation a visible heat- 
ing of the meeting ends is seen. On attaining a small 
separation the space between seems filled with hot vapor, 
and we have a short arc where the separation is perhaps 
not over two to three one-hundredths of an inch, There is 
also noted an active transfer of carbon from the flattened 
end of the positive and a deposition of carbon on the end 
of the negative carbon. This deposited carbon takes the 
form of a mushroom end after a time, and breaks off. 
Meanwhile combustion goes on at both poles, and wears 
away the sides of the positive carbon while the transfer 
of carbon wears away its tip or crater. The burn- 
ing also wears away the negative at the sides, while 
the tip is built up by the mushroom deposit from the arc. 
But the cutting in of the negative finally severs the mush- 
room tip, and it falls away. Hence both carbons are eventu- 
ally consumed. To develop a short are there is required a 
little over half the potential that is needed fora long 
arc, or about 25 volts more or less, and therefore to give 
out equal heat energy in the arc the current must be 
doubled in the short arc over what it would be in the long 
arc. The short arc is subject to the objection of a con- 
tinual frying sound emitted and great variations of lumi- 
nosity ; it requires a very dense and hard carbon to conduct 
the current without great loss, and involves line loss of at 
least four times the amount with the long arc if equal 
gauge wires be used. 

In fact, while in the past such ares were common, their 
number is diminishing, as they are being replaced by the 
more efficient and completely developed arcs called *‘ long 
arcs,” which are so-called to distinguish them from the ‘‘short 





arcs.” Returning to our separating carbons we find that 
as the space or are is lengthened from the short arc con- 
dition we pass a stage of great flickering and unsteadiness 
and a fluctuating potential between the carbons, and then 
reach the stage of production of the long or quiet arc. 
With 10 ampéres the separation may now be about one- 
sixteenth to one-tenth inch or more. Smaller currents 
require less separation and Jarger ones an increased sepa- 
ration. At this stage the arc is quiet, with good, pure 
carbons very steady, and the potential difference remains 
at about 45 volts, if, of course, the carbon is properly fed 
to make up for combustion. The perfect arc is really a 
beautiful phenomenon, While the positive carbon still 
loses by volatilization fiom its tip or crater and by com- 
bustion from its sides, the negative gains no deposit; but 
wastes at a less rate than the other, and by combustion 
only. The carbon vapor carried off from the positive is 
consumed by the oxygen of the air before it can deposit 
on the negative. Hence, the outer zone of flame, which 
can easily be distinguished from the central zone or arc flux 
proper, is probably a zone of combustion similar to that 
existing in ordinary flames. The removal of carbon 
by evaporation from the positive end gives rise 
to the crater or cup which is so prominent a 
feature of carbon arcs produced by continuous currents. 
The size or area of the crater is a rough measure 
of current strength, but varies with different qualities of 
carbon. With very long arcsthe crater or hollowed end 
disappears and the ends become rounded. A well-formed 
crater with the arc or flame confined thereto means usually 
a steady light, since the chief source of light in an electric 
arc is from the positive crater, which shines like a dimin- 
utive sun and represents the hottest part of the arc. The 
vapor light proper or flame light is comparatively very 
feeble and of a purple quality in air. Hence, the are light 
is as truly an incandescent source of light as is the incan- 
descent carbon filament, with the difference that to run 
the latter at the temperature of vaporization or boiling 
point of carbon, so to speak, means instant destruction, 
while by the necessities of the case the light vbtained from 
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the arc is chiefly that emitted from a surface of carbon at 
its temperature of boiling, or, more correctly, of sublimation 
at atmospheric pressure, This temperature is exceedingly 
high, and accounts for the well-known superior economy 
in light production of the arc over all other kinds of light- 
ing. The temperature of the positive carbon crater is so 
high that the carbon exists there in a soft or plastic condi- 
dition capable of receiving an impression like putty. 1 
have proved this with very large arcs of 150 to 200 ampéres 
by suddenly forcing the carbons together when the current 
had been cut off, and finding that they would fit each 
other perfectly, the negative impressing its form on the 
positive crater. 

As an interesting fact in this connection I may state that 
I have been able to bend carbon sticksof ,*, to} inch in 
diameter by passing current through them of sufficient 
amount to almost vaporize the sticks and cause them to 
emit an intensity of light approaching that of the arc. 

These facts would point to the possible fusion of carbon 
into liquid carbon at arc temperature under a high press- 
ure of inert gas. No one has as yet seen carbon in this 
liquid condition, and the electric arc alone has made us ac- 
quainted with carbon vapor. One cannot fail to be im- 
pressed with the fact that the conveyance of carbon in the 
arc has a striking resemblance toa planting process where 
metal is taken up by the bath from the positive plate and 
deposited on the negative. In the arc the hot vapor stream 
of flame takes the part of the bath and probably acts by 
molecular interchanges of carbon atoms in molecules of 
carbon to cause the transfer which occurs, just as in the 
plating bath the molecules of the plating compound are 
polarized and allow atomic interchange, which results in 
conveyance of metal through the bath. 

Another curious fact in relation to the arc is the distri- 
bution of potential in it. Dr. A.J. Fleming has recently 
shown that the difference of potential between the positive 
carbon and the arc flame is about 40 volts; and the few 
volts which express the difference between the flame and 
the negative make up the total porential. say 45 volts. 
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Hence the real work of the arc is not in the flame, the en- 
ergy is not used in overcoming flame resistance, but chiefly 
in vaporizing carbon in the positive crater. It is certainly 
not strange that, with 40 volts and. say, 10 ampéres or 
400 watts expended virtually at the crater surface of the 
positive carbon, the temperature and luminous effects 
should there be so great. 

The distribution of potential in the arc just noted was 
also brought out about the year 1884 in some testimony in 
an interference in our Patent Office concerning an arc 
lamp cut-out which I had invented and which took advan- 
tage of the potential differences between the carbons and 
the arc flame to cut out the lamp when the arc was too 
long. It is of course well known that the value of an arc 
light for general illumination is greatly enhanced by the 
fact of the distribution of light being mainly in a down- 
ward direction in continuous current arcs. This, of course, 
follows from the fact of the positive carbon crater being 
above, such crater being the part from which most of 
the light comes. 

This matter has been quite thoroughly investigated, and 
many diagrams of distribution are to be found in the liter- 
ature of the subject as published from time to time. They 
show that with the long are the maximum intensity of 
light is from 40 degrees to 60 degrees downward from the 
horizontal, and that the horizontal intensity is generally 
much less than one-half as great, while of course the in- 
tensity diminishes above the horizontal direction and ulti- 
mately becomes zero before reaching the upward vertical 
direction. Iu like manner the approach to the downward 
vertical from the direction of maximum intensity is at- 
tended with similar rapid diminution, 

The spherical candle power of arc lights would therefore 
be only a fraction of the rated candle power which is gen- 
erally taken at the maximum light obtainable in the best 
direction from the particular arc or kind of arc in ques- 
tion. 





For this reason the term 2,000 c. p. arc has little signifi- 
ance as indicating the illuminating power of an arc. It is 
a conversion only, anda poor one at that. It is now gen- 
erally taken to mean an arc with 10 ampéres and not less 
than 45 volts potential difference between the carbons, or a 
450-watt arc. The quality of the carbons will determine 
whether the 450 watts will be expended in obtaining the 
most light or not, or whether that light will have a maxi- 
mum intensity at one angle or another within certain 
limits. 

When ares are operated on by alternating currents, the 
effects mentioned are only partially exhibited, and the 
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phenomena of the crater are of course masked or obliter- 
ated on account of reversal of function of the carbons. 
Unless the alternations are rapid such arcs are liable to 
extinction at the zero points of current, particularly when 
run in a draft of air. A strong draft of air or a displacing 
magnetic field may of course so disturb an are as to 
-ause its extinguishment. 

In the early years of the growth of are lighting asa 
meuns of illumination the effects obtained were not of the 
best. Unsteadiness was the rule, and it required much 
persistent effort to discover the causes and find the remedy. 

The prominent defects were, and we may add are still, 
hissing, sputtering, flaming and general unsteadiness. 
Hissing or frying comes, of course, with too short an arc 
and may be connected with too vigorous vaporization. 
They may also be due in some cases to a carbon of too 
coarse a grain. Sputtering may arise from impurities in 
the carbons and flaming from too long arcs, from impure 
carbons, or from carbons insufficiently baked and contain- 
ing unexpelled gases. Running an arc at a length between 
the long-are condition and the short-are condition may 

‘ause great unsteadiness of light. Thereis, in fact, a crit- 
jcal point in the length below which there is a considerable 
fall of luminosity and a drop of nearly one-third of poten- 
tial. As an arc lengthens by combustion of its carbons be- 
ginning below this critical point, great unsteadiness will be 
manifested on arriving at the critical state; and a little 
longer arc brings about a sudden and very marked increase 
of potential, of illumination and of steadiness. 

Any observer may easily detect these conditions without 
special effort. The earlier carbons used with arc lamps in 
the United States were both badly conducting, impure and 
badly made. Copper coating was a necessity. French or 
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Carré carbons were much better, but were too cestly to 
import. The use of the petroleum carbon, or the carbon 
obtained by the carbonization of the tarry residue left in 
the distillation of crude oil, made a wonderful difference 
in the purity of the carbons, and improved machinery gave 
accuracy of form and cheapness. To one familiar with the 
former cost of same carbons for battery ares, the reductions 
in cost are very striking: Carbons three-sixteenth inches 
square cost a number of cents an inch before the year 1878, 

Another important matter in relation to carbons is that 
the size of section or diameter must be proportioned to the 
current used. Where attempts have been made to pro- 
long the hours of burning of a carbon by enlarging its 
diameter beyond certain limits it has resulted in injury to 
the character and distribution of the light. Large 
diameters of carbon may burn too blunt to let the light out 
between them, 
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Likewise, where attempts have been made to prolong the 
hours of use by employing a harder or denser carbon than 
before, it has frequently been found that a sacrifice of light 
has been incurred. rendering the results much less satis- 
factory. 

One of the chief obstacles to the employment of quite 
small ares with currents of three or four ampéres is the 
difficulty of obtaining suitably uniform carbons. 

Arcs of even as low as 2 ampéres at 45 volts are easily 
produced, and such small arcs might even have commer- 
cial utility if the difficulties in relation to carbons were re- 
moved. An are consuming 90 to 100 watts means, of 
course, about 7 or 8 to the electrical horse power. 

On the other hand, very large or heavy current arcs are 
difficult to control. They are apt to be unstable at times, 
and when they get to hissing, or rather roaring, it is difti- 
cult to restore quietness and steady action. The introduc- 
tion of cored carbons for the positive has, however, done 
much to remedy the ‘difficulty, and, indeed, to render it 
possible to obtain very uniform results from arcs in general 
wherever such results are indispensable. The introduction 
of the central soft core into the carbon seems to locate the 
are centrally, hold it from fluttering or shifting its position 
on the end of the positive; in other words, the core fixes 
the position of the crater, and so benefits the light. 

It follows, from the fact that the voltage required to sus- 
tain an are with large or small currents ranges about 45 to 
50 volts, that the larger the current passing in an arc the 
less its electrical resistance. Hence, well-developed arcs 
with 4 ampéres will have about 11 ohms; with 10 ampéres 
4.5 ohms resistance, and with 100 ampéres .45 ohm. This 
fall of resistance with increasing current is easily explained 
by the broadening or thickening of the arc stream and the 
widening of the crater on the positivecarbon. This widen- 
ing of the crater also gives increased illuminating power 
without increase of temperature. Itis probable that the 
actual crater temperature is as great in the small ares asin 
the large ones; in fact, this is implied by the quality of the 
light remaining the same. Nevertheless, the larger the 
arc the greater the economy or the greater the light-giving 
power per unit of energy. This would naturally be ex- 
pected, as the concentration of heat and lessened chances 
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for escape of heat by convection and conduction would 
conduce to that result. 

The fall of resistance with increase of current has an 
important bearing on the construction of dynamos for arc 
lighting and the running of lamps on constant potential or 
incandescent circuits, and will be referredto later on. At- 
tempts have been made at various times to save carbons in 
arcs by excluding the oxygen of the air, which is the cause 
of their waste or consumption by burning. The gain has 
not apparently compensated for the disad vantages incurred, 
particularly as the total exclusion of oxygen means that 
the carbors become blunt. They would be prevented from 
pointing themselves or acquiring tapered ends by burning, 
a condition essential to good working and distribution of 
light. Even when the arc is formed in a vacuum the car- 
bons, though not burned, are slowly consumed and carbon 
deposited as a soot on the sides of the vacuum chamber, an 
effect consequent upon the vaporized carbon in the arc 
being carried off and condensed again as soon as the vapor 
escapes the heat of the arc stream. 

In fact, I have found it possible to coat objects on the 
inside of a bulb with silver or other metals volatilized sud- 
denly by arcs in vacuo, and have obtained in some cases 
coherent brilliant deposits. The metal is raised in vapor as 
a metallic are and distills and condenses on the surfaces 
near at hand. 

Before passing to the consideration of the running of arc 
lamps in series, or in multiple, and the conditions to be ful- 
filled in each case. we may state that although in ordinary 
cases an arc is formed by a single pair of electrodes or car- 
bons, and by a single-circuit current, compound arcs, or 
arcs produced by combinations of two or more currents 
with three or more electrodes, are possible. Iam not aware 
that any others than myself have experimented in this 
direction. I have, however, produced lights with two posi- 
tives and one negative, with one positive carbon or crater 
and two, three or more negatives and with two positives 
and two negatives. I have caused ares to cross each other, 
as when four carbons are used, pointing toward a centre, 
the two pairs opposite being respectively connected with 
different circuits. In this way direct arcs have been, as it 
were, mixed with alternating arcs and a curious compound 
effect produced by crossing two arcs made witli two alfer- 
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nating currents, the waves of which are displaced in phase. 
Without going fully into these experiments, I will present 
figures showing two good examples. Fig. 5 is formed by 
two currents sent into a positive and dividing after pass- 
ing the crater into two streams going to the two negatives. 
In this case the positive crater is fully exposed horizontally, 
and gives a most intense light in a direction forward. Such 
an are is well adapted for projection by mirrors or lenses. 

Fig. 6 shows the arc formed by crossing two alternating 
currents out of phase. In this case there is at successive 
times anexchange of current between all four carbons in 
varying directions so that the arc flame becomes, as it 
were, a ball or disc of very hot flame supported by the four 
carbons. These experiments bave not been fully described 
as yet. owing to the lack of time; but they show very well 
that even when we have fully studied the single, simple 
are we will not then have exhausted the subject, as these 
compound ares may be varied in character to a great ex- 
tent and present new effects. é 

In regard to that portion of our subject which concerns 
the use of the electric arc for lighting, it is true that there 
is a wide field before us. I cannot hope to do more in this 
paper than to outline, in addition to the considerations 
already alluded to, some of the other prominent features of 
this subject. It is weil known that by far the larger pro- 
portion of electric arc lights in operation is run on circuits 
of constant current, the lights being in series. 

If arc lamps be connected in parallel, as on low potential 
incandescent mains, special devices are required to keep 
the current supplied to each lamp at the right amount. 

It may appear at first to one who has not had occasion 
to closely study these matters that, given a constant 
potential circuit of 50 volts, arc lamys requiring 5° 
volts could be connected in multiple or parallel without 
difficulty. The fact, is, however, that the condition of elec- 
tric arcs being supplied with a constant potential involves 
a theoretical impossibility. Theoretically such an arc 
would take an infinite current and energy. Practically 
the current in an are with constant potential becomes very 
heavy, and if the carbons be separated to cut the current 
down as by a lamp-magnet mechanism, a condition of 
fluctuation and instability results. Thisis a direct conse- 
quence of the fact before stated, that the resistance of an 
arc is not like a wire resistance, but falls with increase of 
current, and vice versa. For stability the resistance should 
not be dependent wholly on the current passing. Toremedy 
the instability a resistance known as a ‘‘ choking coil” or 
“sluggishing coil” is inserted in the are branch, and the 
potential raised to 65 or 70 volts. Under these conditions, 
that is, with a resistance taking up 15 to 20 volts in series 
with the arc, it may be run in multiple with incandescent 
lamps or with other arcs. There is, however, a waste of 
energy equal to the product of the current strength by the 
loss of potential, 15 or 20 volts, in the resistance. A great 
deal of useless experimenting has been and probably is yet 
carried on with the vain endeavor of getting rid of the re- 
sistance or choking coil in this case, but the difficulty is 
inherent in the nature of the arc, the relation of resistance 
to current giving rise to instability of current in the arc. 

Similarly, not all dynamos, even if of sufficient poten- 
tial, will run are lamps in series. Are machines require 
special properties, or the current will be unstable and the 
lights will fluctuate, or ‘‘surge” as we sometimes call it, 
possibly to an extent amounting to extinctions and relight- 
ings occurring at short periods apart. This action, like the 
other, isdependent on the relation of current and resist- 
ance as inherent in electric arcs, and the series of lights 
would in each case require dead resistance up to a certain 
amount in circuit to render the current stable. Then, 
whether a series be operated or a single arc be operated, 
either a dead resistance must exist in circuit or the cur- 
rent-supplying apparatus must have special properties, The 
arcs produced from batteries were stable because the re- 
sistance of the battery itself was sufficient to insure this. 
Arcs are not stable as fed from accumulators of very low 
internal resistance unless the arc is one of enormous cur- 
rent, 

Brietiv, the property required - to be possessed by an arc 
dynamo is that as its current rises above the normal the 
electromotive force must fall; as the current diminishes to 
a little below the normal the electromotive force of the 
dynamo must rise. It is not sufficient to secure this chang- 
ing E. M. F. by regulators, as they are generally behind 
time for causing stability of current, however well they 
may operate to regulate for varying numbers of arcs in the 
series to be supplied. 

The properties of dynamos are sometimes expressed by 
What are called ‘‘characteristics” or ‘‘ characteristic 
curves,” obtained, for example, by laying off vertically or 
on the ordinates the electromotive forces corresponding to 
varying currents given out by a machine, which currents 
are laid off horizontally or as abscissee. In arc machines 
the curve so produced is convex upward and droops at its 
Outer end, b, Fig. 7. Assuming normal current at 10 
amperes and an E. M. F. of 500 volts at 11 ampéres the 
E, M. F. may have fallen to 420 volts and at nine ampéres 
risen to 580. We would then be working on the “‘ droop” a 
to b of the curve when at 10 ampéres, and such a machine 
isstable as to current for running arc lamps. There ap- 
pears to be required not merely a droop in the curve for 
Securing stabihty, but more than a certain amount of rate 
of droop or dip. If the line could be made to droop or dip 
Vertically after passing the normal current the machine 
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would regulate without a regulator, or be a constant-cur- 
rent automatic machine. 

In what respect, then, do are dynamos differ from others 
to produce this relation of droop in the characteristic curve? 
Without doubt the effect is mostly due to the reactionary 
effects of the armature on the field, which effects in arc 
machines are made greater than in others; and the field 
magnets meanwhile are frequently saturated magnets, so 
called, and not greatly sensitive to the current in their coils. 
The armature of an arc machine is indeed so powerful an 
electromagnet that it is able to control the magnetism of a 
portion of the field in which it turns. A sort of balance of 
magnetic forces is established at certain portions of the 
field, which on an increase of current in the armature pro- 
duces polarity opposing the field polarity at the portions 
mentioned, such as will cut off some of the lines of mag- 
netism from entering the armature core and so lower its 
electromotive force; while a lessened current in the ar- 
mature will weaken its polar portions and an increased 
number of lines will enter the armature core from the field 
and so increase the electromotive force at the brushes of 
the commutator. In Fig. 8 the portions at K K are those 
at which. the balance or conflict of opposing poles of ar- 
mature and field magnet exists, namely at those portions 
near the diameter of commutator or position of the brushes 
on the commutator. 

Could the droop or fall in the characteristic curve be 
mace a vertical, as stated before, then we should havea 
self-regulating machine not needing a regulator to preserve 
a constant current under all loads. This condition is 
more easily arrived at in alternating machines, one of the 
first, if not the very first. example of which is founded in 
the Chertemps-Danden machine which was tested by 
Robert Sabine, as described in Dredge’s Electric Illumina- 
tion, Vol. 2, 1885. This machine had the remarkable 
property of permitting 10 arc lamps to be cut out or put 
into its circuit in series in any way without causing a 
variation in current strength of more than 10 per cent. 
The interactions occurring between the armature and 
field accounted for this regulating property. In these 
cases the armature currents react upon the field witha 
force producing at timesa balancing of magnetism between 
the two. The distortive power of the armature upon the 
field is made very great, which amounts to the same 
thing. 

In the recent alternating machine for constant current 
brought out by Mr. Wm. Stanley we have an excellent 
example of the application of similar principles of 
construction, together with the difference that the arc 
lights which were fed direct in series from the Clhertemps- 
Danden machine are run from the transformers with the 
primary coils in the Stanley apparatus. 

The relation of current to constancy is, however, in con- 
tinuous current dynamos for arc lighting generally effected 
by regulators, as they are called, which so alter the dy- 
namo on a slight increase or decrease of current as to raise 
or lower its electromotive force according to the resistance 
in circuit or speed. 

In one form of regulator the effect is obtained by chang- 
ing the field magnet strength by automatic mechanism, 
weakening the field when lampsare cut out and strength- 
ening it when lamps are added to the circuit. Another 
means of regulation is the rotation of the commutator or 
brushes so as to take current from positions corresponding 
to increased or decreased electromotive force in such a 
way that the current obtained is constant. The former 
method first appeared in the Brush are apparatus and the 
automatic commutator brush movement in the Thomson- 
Houston machines. The latter method renders the machine 
completely automatic under variations of load,while in the 
former there still is required a manual snark adjustment 
of the brushes as the field magnet is altered in force under 
different loads. The two methods were ‘subsequently 
combined by the writer in conjunction with Mr, E. W. 
Rice, in such a way that the necessary brush adjustments 
were made automatically at the same time with the 
variations of the tield under different loads. This combined 
method has been used for some time past in the 
Excelsior machines constructed under the patents 
and designs of Mr. Hochhausen, whose name is so 
well known in connection with arc lighting and plating 
and other electric apparatus in this country. On account 
of the fact that with the addition of arc lights in a series a 
higher and higher potential difference is required at the 
terminals of the dynamo, it becomes a question how far 
this increase may properly be carried. It is not unusual 
in the present practice to run from 50 to 60 lights in a series, 
each demanding from 45 to 50 volts, or a total of say 3,000 
volts. In going beyond this amount, the difficulties of 
insulation are greatly increased, as well as the dangers of 
high potentials, while the consequent risk of breakdowns 
resulting from failure of insulation or leakage are often 
sufficient to offset any saving of wire conductor that might 
be obtained by running more lights in series. Instances 
have occurred in which, with ordinary wiring and precau- 
tions, 120 to 150 arcs have been run for days together, but 
such a practice is to be condemned, as involving hazard 
of all kinds. 

It has been supposed by some electricians that there ex- 
isted a peculiar fitness for are lighting in series in dyna- 
mos of the open-coil type, such as the Brush or Thomson- 
Houston over these of the closed-coil types, such as the 
Gramme or Siemens forms, While personally I have 
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never been prepared to admit this peculiar fitness, contruc- 
tors of machines of the elosed-coil type have certainly suc- 
ceeded in removing any doubts on that score. Mr. J. J. Wood 
has, in building his form of Gramme machine up to the 
highest capacities for series work, taken a leading position 
in this respect. In fact the simplicity of the commutator 
and the ease of insulation of machines of the open-coil type 
undoubtedly rendered them more capable of retaining 
insulation at high potentials than the early commuta- 
tors with numerous segments used on Gramme and Siemens 
machines, as such commutators were at first constructed. 
Likewise improved methods of insulation and winding 
have gone far to put both types of machine far in advance 
of what they were formerly. While on this subject of arc 
machines it may be well to say a few words as to the action of 
flashing which can occur in all machines of high potential 
under certain conditions. In the first place, the term flash- 
ing, as here used, is not intended to refer tosparking at the 
commutator, but rather to a flash or continued spark 
carried over during revolution of the armature from one 
brush toward the other, either all around the commutator or 
part way only. This action occurs when any two succes- 
sive segments in the comnrutator continue their discharge 
one toward the other over the insulating space between 
them during a considerable part of the revolution. 
An arc forms in the slots or between segments and moves 
with them. This action, while not very damaging where 
the segments are massive and isolated with air spaces, is 
more serious with insulation filling between the segments, 
as it is apt to cause a burning out and either short circuit 
the armature coil sections by connecting the segments or 
seriously roughen the edges of the segments and the face 
of the commutator. 

Bad setting of bushes may both cause sparking as well as 
flashing ; and dirt, in some cases, or too much oil, may 
rause it. Slipping of belts or sudden fluctuations of speed 
may also provoke it. Ora machine overloaded may flash 
by an opening of circuit due to too many lamps, the elec- 
tromotive force required for which number the machine 
cannot maintain. The presence in a circuit of one or 
more lamps which do not feed properly may cause mo- 
mentary cessations of current and flashing to occur, es- 
pecially when the machine is carrying its full load. With 
all are circuits there should, of course, be a surplusage of 
capacity on the dynamo, 7. e., the machine should not be 
run to the limit of its electromotive force. It has become 
customary with the best makers to so rate this capacity 
that there will always be a margin of excess to meet con- 
tingencies. The line resistance may, of course, be, in the 
case of long circuits, such as to cut down to a considerable 
extent the working capacity or number of lamps in series 
which can be run from the dynamo, and due allowance 
should always be made for this resistance in estimating 
the true capacity. Instances are.not uncommon in which 
by improving the contacts of switches, hangers, joints, 
etc., a gain of two or three lamps may be made in circuits 
of fifty or more lamps in series. An-«improvement in the 
insulation of a line will often havea similar effect in add- 
ing to the apparent capacity. 

I had intended at the outset of this paper to discuss in a 
general way the question of the different types or classes 
of lamps used for arc lighting. It is a department of the 
subject which is of considerable importance, but I find 
that the paper has become too long already, and for the 
present I will simply allude to one or two general features. 
Concerning the manner of feeding the carbons, the 
mechanisms in use may roughlv be divided into clutch 
and gear mechanisms. Among clutch mechanisms we 
find certain well known forms, while the gear mechanisms 
best known are of the escapement order. Both types have 
undergone many modifications, and combinations of the 
two exist. 

Whether one or the other type is to be selected will 
depeud largely on the conditions of use, assuming both to 
be equally well constructed and kept clear. 
questions, however, we cannot now enter. 


Into these 


Arc lamps may also be divided according to the way in 
which the magnet system acts to control the feed of the 
carbon. Before arc lamps were run in series it was suf- 
ticient to have the controlling magnet in the main circuit, 
and this was the case in almost all the older forms of lamp. 
The Lacassagne and Thiers lamp of 1856 was a notable ex- 
ception in that the control of the feed was differential or 
dependent on the different power between a main circuit 
coil and a high resistance shunt circuit around the are. 

I have, in fact, made an exact reproduction of the La- 
cassagne and Thiers lamp according to their patent speci- 
tication, and have found that its action is perfect when 
used in series with other lamps except that it requires to be 
helped to separate its carbons. If the carbons are quite 
pointed at the start even this is unnecessary, as the points 
scon heat and burn away and form the are, The feeding 
depends on the flow of mercury through a small valve, 
which is adjusted by the differential magnet system, and 
the feeding is so continuous and imperceptible that the arc 
is beautifully steady and constant in length. 

At the present time the differential lamp magnet system 
is of several kinds, according to the relative disposition of 
the main and shunt coils. 

In the commercial Brush arc lamp they are disposed one 
over the other on the same axis and affecting the same 
magnetic cores, The only objection to this disposition, 
which has the advantage of simplicity, is that the shunt 
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circuit can never act positively to feed the carbons or re- 
lease the clutch or gear, but can only weaken the effect of 
the main coil or overpower its lighting or separating ac- 
tion on the carbons. 

Other forms of differential lamp embody the two cir- 
cuits acting on separate magnets pulling in opposite direc- 
tions, the main circuit to separate the carbons and the 
shunt to feed them. In this case the action of the shunt is 
more definite and positive, as it is not limited simply to 
overcoming the force of the direct or main magnet. 

A third arrangement involves the application of the re- 
pulsive action of the two coils, as when the direct coil is 
wound on the fixed magnet and the other, or shunt, upon 
the feed controlling armature therefor and tending to cause 
repulsion of the armature from the main magnet. This 
arrangement is both simple and positive in its action. 

The differential types of lamp act well when the circuit 
current is kept constant, and require readjustment gener- 
ally for each change of current strength by which they 
may be operated. Hence, if a portion of line be leaky the 
lights are apt to burn badly, owing to diminished current, 
while the dynamo may be furnishing full current. Of 
course such a line ought to be condemned and its insulation 
improved. Nevertheless I have frequently seen lights suffer 
from leakage on extended circuits in cities, especially*in 
very wet weather. This isa stateof things which the line 
superintendent can do more than any one else to correct 
by attending to the correct disposition of the wiring, and 
its character as regards leaks. 

The type of arc lamp in which the shunt magnet alone 
controls the feed of the carbons is not sensitive to slight 
variations of current, but maintains a full, quiet arc with 
the current it gets. This is because the main current is not 
concerned in the feeding action, but the action is solely de- 
pendent on the potential difference of the carbons. Hence 
its behavior is, on the whole, more uniform than the dif- 
ferential type, and within limits it does not require re- 
adjustment for different current strength. 

This principle has been extensively introduced in the 
Thomson-Rice lamp of the Thomson-Houston Company. 
In this lamp the carbons are separate at the start and are 
brought together on the first passage of the current, after 
which they separate solely under the influence of the shunt 
circuit magnet, and the feed is likewise controlled thereby. 

The carbons in these lamps are not so apt to slide by or 
alongside each other by jarring when no current is on the 
lamp, as may occur, particularly with careless trimming, 
in those lamps in which the full weight of the upper holder 
and carbon must be borne by the under carbon when the 
lamp is not lighted. * 

Arc lamps have been made with many variations in the 
magnetic arrangements controlling the carbons, a brief 
statement of some of which is as follows: Carbons lifted 
or separated by direct or main magnet; shunt magnet act- 
ing on a variable resistance to cut out the main magnet in 
feeting. Carbons lifted by main magnet as before and 
shunt acting to put the main magnet (made movable) into 
position for feeding. 

Carbons separated by main magnet armature; shunt cir- 
cuiting magnet acting to divert or shunt the magnetism of 
the main magnet from its armature. 

Carbons separated by main magnet and shunt acting to 
free the carbon holder independently of the support given 
by the main magnet. 

Carbons separated by a spring allowed to act by the 
main magnet lifting a weight which otherwise holds the 
spring from acting; shunt magnet acts against the spring 
to feed and regulate length of arc. 

One carbon, generally the lower, separated by main 
magnet, while the other holder is released for feeding only, 
such feeding being under the control either of a differential 
system or a shunt magnet only. 

Carbons separated by main magnet, which lifts the shunt 
and its armature together, while the shunt magnet arma- 
ture acting on the feeding mechanism controls the arc and 
feed of the carbons. 

Carbon feeding mechanism independently attached to 
main magnet armature and toshunt armature, so as to 
receive opposite movements of separation and feed from 
each respectively. 

Carbons separated by a feeding mechanism moved by 
the main magnet and fed by a further movement of said 
mechanism, causing release or return of same under the 
accumulated force of both shunt and main magnets acting 
in the same direction. 

Differential clock gear for separation and feed of carbons 
under control of the regulating magnet system, either sim- 
ple or differential. Some of the older clock-work lamps 
embodied this principle. 

Carbons controlled by armature of a small electric motor 
under control of a differential field which turns the arma- 
ture in one direction for separatin , and in the other or re- 
versed direction for feeding the carbons. Tchikoleff’s early 
lamp was of this type. 

Carbons controlled by a motor running at a certain speed 
when the are is of normal length and varying in speed 
when the arc is too short or too long, combined with a cen- 
trifugal governor on the shaft of the motor acting on varia- 
tions of speed to gear motor shaft to screw carbons together 
or apart as needed to maintain the normal arc. This mechan- 
ism has been applied by me to large arc lamps such as 
naval search lights and has the advantage of great positive- 
ness and an ability to handie heavy mechanism. 
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There are also a considerable number of modifications 
from these principles stated which cannot be referred to 
here. 

Another excellent mechanism, and one of the most power- 
ful and positive in feeding the carbons, embodies a main 
magnet separating the carbons and striking the arc and an 
intermittently acting shunt magnet for working a pawl, 
which by a suitable gearing forces the feeding action on 
approach of the carbons as required. I have used an end- 
less screw gearing with the pawl acting on a ratchet wheel 
to turn the screw, the worm wheel being on a shaft carry- 
ing a pinion meshing into a rack on the carbon rod. The 
worm wheel gearing is lifted by the main magnet to strike 
the arc, and the shunt magnet in operating its pawl breaks 
its own circuit and repeats its feeding action as often as 
may be necessary. 

It is interesting to note in this connection that I have 
built such lamps in which each feeding movement of the 
carbon is not over one-five-thousandrhs of an inch, and that 
if the upper carbon rod is held in a vise the mechan- 
ism will lift the whole lamp, of about 20 pounds weight, in 
feeding, so positive is the action. At the same time the 
length of the arc is maintained constant at all times. With 
so slight and yet positive a feeding action the feed takes 
place almost continuously. 

In the foregoing brief review many matters have been 
simply touched upon which might readily have been singly 
expanded into a paper as long as the present one. Material 
enough now certainly exists and could be collected for 
making a good technical work dealing with the science and 
practice of arc lighting. My purpose will have been ful- 
filled if I have succeeded in the present paper in adding 
some things of interest and instruction concerning this 
general subject from the standpoint of one who has con- 
structed very many forms of apparatus for arc work, and 
who has had a continuous and growing experience with 
such work from its beginnings up to the present great com- 
mercial expansion. 

The lateness of the hour precluded any elaborate discus- 
sion, but Mr. N. Carver contributed an _ interesting 
suggestion concerning the probable temperature of the arc. 
Working from theoretical considerations, he had been led 
to accept about 10,000 degrees Fahrenheit as a probable 
temperature of vaporization of carbon. 

Next in the order of business was the report of the com- 
mittee on the proper rating of incandescent lamps. It was 
given orally by Dr. Louis Bell, chairman of the committee, 
and was illustrated by diagrams showing the difficult 
nature of the problem and possible means of measurement 
in commercial practice. 


REPORT OF THE COMMITTEE ON THE PROPER CLASSIFICATION OF 
THE LIGHTING POWER OF INCANDESCENT LAMPS. 


Dr. Louis Bell, Chairman. 


Your committee had not proceeded very far in the investigation 
of its subject before it discovered that the.topic was growing— 
growing with a prodigious rapidity, so that we have been able to 
formulate, so to speak, only a partial report, a report that must 
necessarily leave untouched many things that we would have 
wished to touch, but which, we hope, embodies certain suggestions 
that may be of interest to those who have occasion to use incan-- 
descent lamps. 

In the first place, the necessity for some rational rating of the 
candle power of incandescent lamps becomes evident in the experi- 
ence of nearly every central station manager who has enterprise 
enough to keep watch of the lamps he is using. At the last conven- 
tion of this association your president gave some admirable ex- 
amples of the way in which the alleged 16 c. p. lamps varied any- 
where from 8 to 18, or thereabouts. Now, evidently it is for the best 
interest, both of the central station man and of the consumer, that 
each should know exactly what is intended by 16 c. p. glow lamps. 
It should not be left to the choice of the lamp manufacturer to 
make any sort of incandescent lamp he fancies and label it as of 16 
c. p. There have been sins in this direction, as every 
station manager knows, although the manufacture of the 
incandescent lamp, it is only fair to say, has been very 
much improved of late. Now, the questions that arose were 
about as follows: First, how shall we classify the power of 
incandescent lamps at all? Shall we classify it entirely by candle 
power? Or if not by candle power, to what standard shall we refer 
the light? Or shall we classify it by watts consumed with specifica- 
tions for efficiency or by watts consumed with specifications on 
candle power to some limitations on the efficiency? After a con- 
siderable amount of deliberation, aided, we are glad to say, by con- 
sultations with a large number of gentlemen who are practical 
experts in incandescent lamp matters, your committee came to the 
conclusion that the last-inentioned method of classification was the 
simplest on3 to enforce--that is, incandescent lamps should be 
rated by the watts consumed, the actual power for which the con- 
sumer pays, but with a specification as to the candle power tolimit 
the efficiency of the lamp to a practical value. By practical value I 
mean such as will not on the one hand produce an inordinate waste 
of energy, or on the other hand force the lamp far above its proper 
candle power and consequently rapidly burn it out. The interest 
of the lamp manufacturer lies toward greater efficiency, because 
by producing a very efficient lamp, such an one as will give large 
candle power with a smal] consumption of watts, he is enabled in 
the first place to give a fine, brilliant light that pleases customers, 
and in the second place to point with some pride to a real economy 
of power. Unfortunately, when this tendency is carried beyond a 
certain point, as every practical man knows, the life of the 
lamp is enormously shortened. A lamp that will burn from 
1,000 to 1,500 hours at moderate efficiency, when forced to very high 
efficiency will burn a very much shorter time. 

Now having determined the proper way in general of rating in- 
candescent lamps, there arose the important question of proper 
limitations to be set. We have been so long used to speaking of 
and dealing in Ii6c. p. lamps it seems inadvisable to abandon that 
standard. Given then the proposition that we ought to have a 
16 c. p. lamp, a candle power that has become sanctioned, as I say, 
by very long use, what do we mean by that, 16 candles mean hori- 
zontal, or 16 candles mean spherical! illumination? Your committee 
is emphatically of the opinion that the mean horizontal candle 
power should be specified; in other words, that the normal 16 c. p. 
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lamp should give 16 c. p. taking the average of the horizontal 
illumination in all azimuths. 

Next came the question of prac:ical limits within which the candle 
power might be allowed to vary; of course, if we tied ourselves 
down to 16 c. p., meaning thereby horizontal intensity, we would be 
establishing a standard no lamp manufacturer could approach; in 
other words, it would be commercially impracticable to make a large 
number of lamps at a low price and have the candle power of each 
one exactly the same. Certain limits must be allowed. Taking 
the limits as they are found in actual practice, we find them 5 
c. p. on either side of 16, sometimes even 7 or 8. These limits your 
committee considered far too wide, and, therefore it entered into 
consultation with the lamp makers for the purpose of ascertaining 
how close to 16 c. p. the limits could be set, and yet leave the man- 
ufacturer a simple and practical process. The result of this delib- 
eration was to settle on about 1c. p. on either side of 16; that is, on 
the one hand, the largest variation which we could agree to admit 
in defining the normal lamp, and on the other hand being a varia- 
tion which came easily within the lines of commercial manufacture. 

These two points determined, next came the unfortunate ques- 
tion of efficiency. As to the possible efficiency of incandescent 
lamps giving a reasonably long life, there are as many opinions as 
there are lamp makers, besides a few stray opinions advanced by 
theorists, and still fewer advanced by practical electricians. A 
large amount of consultation was done on this topic. Some experts 
inlamp matters advocated the use of lamps giving the candle 
power on not less than four’ watts; others loudly 
proclaimed three or two and a half watts to be quite 
practical and a reasonable figure. In this regard we shall have 
to appeal to the central station manager. Your committee was 
necessarily at sea to a certain extent in determining on 
this particular point, but after a large amount of consul- 
tation both with the central station men, lamp manufacturers and 
experts, it considered for general central station use, taking into 
account the fact that sometimes they sell light by contract and 
sometimes by meter, a consumption of more than four watts per 
candle undesirable, particularly if the electricity is furnished by 
meter; for when the consumer is paying for more than four watts 
per candle power he becomes inclined to kick, and objects very 
seriously to the billg sent as not representing the proper quantity 
of light. Then, as to the inferior limits of efficiency—on how small 
a number of watts is it possible to produce a candle power and at 
the same time have a lamp of reasonably long life and giving a 
reasonably uniform efficiency throughout its life? The very best 
commercial practice seems to set the figure at a little over three 
watts. Without specifying, then, the efficiency of the normal 
standard lamp your committee would suggest that a lamp giving 
over L5and not over 17 mean horizontal candle power on a consump 
tion of less than 60 and not less than 55 watts represents the average 
conditions of central station practice better than any other type of 
lamp that could be readily found. I am quite aware that in setting 
this 55 watt limit your committee is running in the face of opinions 
which are entitled to some consideration, but it would call the ar- 
tention of any one who is opposed to that limit to the fact that with 
the normal standard lamp thus defined, if any lamp can be pro- 
duced giving a candle power with good life on a little over three 
watts it still falls within the standard. The effect in that case 
would simply be this: That the manufacturer whocould produce a 
lamp giving the candle power well and steadily on a little over 
three watts could furnish as the standard lamp a lamp that would 
come very near to the 17candle power limit; in other words he 
would get the credit of having a little brighter lamp than some of 
his contemporaries, and so would not in any way suffer by the es- 
tablishment of the 55 watt standard. This suggestion for the normal 
standard incandescent lamp is the best that your committee is as 
yet able to bring forward, and we trust that it will fall reasonably 
near the limits that most of the members of the association have 
found desirable in their actual practice. 

Now as to determining the mean horizontal candle power upon 
which our standard lampis to be based. Several difficulties are 
encountered in this work. In the first place the distribution of 
light that is given by incandescent lamps is not altogether uniform; 
in lamps with twisted filaments, particularly if of round section, 
the distribution is very uniform, in lamps with straight filaments of 
round section fairly uniform; in lamps with straight filaments of 
square or nearly square sections, a figure something like Exhibit 
A, showing the maximum at very nearly 45 degrees from the plane 
of the filament; when filaments of rectangular section are employed 
having a considerable difference between the sides of the rectangle, 
the light varies in the most erratic fashion. Now for all lamps giv- 
ing a uniform distribution of light a single reading on the photome- 
ter is enough to determine the mean horizontal candle 
power, and for, so far as I know, most of the twisted fil- 
ament lamps, probably all of them, a single reading will deter- 
mine the mean horizontal candle power closely enough for all 
practical purposes. When a lamp of this description, Exhibit 
B, is reached, a single reading might or might not be fair to the 
lamp. If the reading was taken at the point of maximum lumi- 
nosity it would be altogether too fair to the lamp, because a lamp 
that would give 16 c. p. 45 degrees off the plane of the filament 
would give nothing like 16c. p. mean horizontal intensity. Contrari- 
wise, measuring directly off the face of the filament would be very 
unfair to lamps of this general construction (and there is more than 
one make of them on the market), while a reading off the edge of 
the filament will give in nearly every case a very close approxima- 
tion to the average. If one has aregular photometer at hand and 
can make careful measurements, three readings 120 degrees apart 
will give an approximation in nearly every case correct within 1 
per cent. 

Now taking the worst case of distribution the difficulties are even 
greater; a very irregular circle is the actual distribution. The 
outer circle as shown is the mean horizontal intensity, and the 
inner circle is the alleged candle power of the lamp (that particu- 
lar make of lam; is now no longer manufactured, so we are not 
treading on the toes of anybody present). In such a case no reason- 
able combination of readings would give the mean horizontal in- 
tensity. For all practical lamps, however, nearly all of those now in 
use, one reading will give a very close approximation, taken any- 
where in the case of the twisted filament lamps, taken either wiih 
the filament edge on or about 30 degrees off that point,in the case of 
our lamps having a squarish distribution. But in lamps of more 
irregular character it is only fair to say that one reading is not 
enough. 

There is one way, however, to determine the mean horizontal! 
candle power, and that is by spinning the lamp above an axis as it 
is being tested; if a lamp be mounted in a rotating socket and spun 
rapidly about its own axis, the mean horizontal candle power can 
be obtained at once if the velocity of the rotation rises to about 
300 or 400 turns per minute. This process has been tried severa! 
times with more or less success; it is tried in at least one lamp 
factory with uniform and unvaried success, and it is certainly 
worth an experiment in case we have to deal with very irregular 
lamps which throw their light erratically around a horizontal axis, 

Appreciating the fact that the average central station man has 
not an elaborate photometer, aud usually has no man whom he ca? 
readily train to do accurate photometer work, your committee 5ug- 
gests the use of a lamp tester, its purpose being not to measure the 
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exact candle power of the lamp, but to see whether it falls within 
the standard limits. For that purpose a very cheap and simple ap- 
paratus is something as follows: 

Cut a board about 7 feet long—a little over 7 feet--and at about 
its middle point saw one-half way through the board, and stick in 
a piece of tin painted black, about 8 inches square or of any con- 
venient size, with a 2-inch circular hole cut throughit. Over that 
hole put the photometer disc—merely a piece of thin paper with a 
spot of oilonic. Just 36inches from that photometer disc place a 
socket which can be twisted around its axis to carry the socket of 
the lamp that is to be tested. Atthe other en‘ of the board cut a 
slot and on a little slide made in the simplest way you can 
contrive set a lamp socket for the standard lamp, Make the slot 
of such a length that when the slide that carries the lamp is 
pushed into its nearest point to the screen the lamp shall be distant 
3448 inches. Make the other end far enough over so that when 
the lamp is pushed to the extreme end it shall be distant 37,, 
inchesfrom the screen. The latter position will correspond to 15c. 
p. in the lamp to be tested, the former position to 17 c. p. in the 
lamp to be tested. 

As regards standard Jamps, if youare fortunate enough to be near 
a laboratory it is not a difficult metter to get a10c. p. lamp of the 
voltage you use, giving preferably 16 c. p. right off of the plane of 
the filament, as that position is more easily determined when you 
are putting it in the photometer. Ihave written personally to Dr. 
Duncan, of Baltimore, asking whether from his testing bureau he 
could furnish standard lamps. I have not yet heard from him, but 
doubtless that testing bureau will be able to furnish lamps to give 
directly on the plane of the filament 16c. p. Those would serve as 
a standard. With this apparatus lamp testing can be carried on 
with great rapidity. 

The lamp to be tested and the standard lamp should both be on 
the same circuit in parallel, consequently exposed to the same 
voltage; the rheostit in series with both so that the voltage can 
be brought t» the point intended. Measuring instruménts of any 
kind you have at hand will give the consumption in volts and am- 
péres. Then placing the lamp to be tested in its socket and turning 
on the standard lamp, look at the photometer disc a little from 
one side—standing by the lamp to be tested, so that you can shift 
it. If the lamp to be tested then is within the standard 
limits under 17 c, p., when the standard lamp is pulled to the 
near end of the slot the oil spot will appear bright, lighter 
than the surrounding paper. Pushing the standard lamp to the 
farther end of the slot this spot should appear dark, if the lamp be- 
ing tested is within the normal standard; thus in testing two posi- 
tive things are to be seen, one at each end of the slot; the photom- 
eter spot should appear bright at the near end of the slot and dark 
at the other; if not, the lamp is not standard. This convenient sub- 
stitute for the exact setting I think will eliminate an error that is 
very vexatious. It was felt by your committee that some such de- 
vice was necessary in order to prevent careless photometer work on 
the part of linemen and station men to whom the work might be 
entrusted. Itis very rarely that the manager of a station himself 
has the time or cares to go to the trouble of going through this 
testing of lamps, nor is it always practicable for him sotodo. It 
was the intention of the committee to provide a lamp tester that 
would determine the maximum and minimum limits without re- 
gard to exact setting, and the charts shown will be left with the 
association for reference by any other members who desire. 


The afternoon session concluded with an oral report of 
the Committee on Legislation, given by Judge Armstrong, 
who said that, owing to the time of the year when the leg- 
islatures were in session it was impossible to present such 
a report as could be given at a summer session. Jn his own 
State of New Jersey, as he supposed in other States, the 
usual bills regarding the burial of wires were in. They were 
always in. He urged upon the representatives of the com- 
panies that they send in reports of what is being done in 
their own States, in which matter there had been a great 
deal of laxitv. He presented the report of George C. May- 
nard, member of the national committee on legislation for 
the District of Columbia. He reports that Senate bill No. 
4,329, introduced by Senator Hale on the 15th of August, 
1890, was referred to the committee on census. He reports 
that so far as learned not a single Congressman has made 
any objection to it; and nothing but extraordinary press- 
ure of important business has prevented its passage. It 
may reasonably be expected that the bill will pass at this 
or the next Congress. The Illinois Electric Lighting Asso- 
ciation has sent out a letter regarding the legislation in its 
State. Massachusetts has been victimized by these laws, 
perhaps, more than any other State, and the speaker called 
on Mr. Burdette to make the report for that State. 

Mr. E. W. Burdette gave a brief account of the legisla- 
tion on electrical subjects proposed during the past year in 
Massachusetts; and following him Mr. M. J. Francisco 
gave an account of the very satisfactory state of legisla- 
tion in Vermont. Apparently the Green Mountain State 
deals with restrictive legislation in a very sensible and 
hard-headed fashion. The bills introduced were few in 
number, and none of the objectionable ones ever became 
laws. After some further discussion by Mr. G. R. Stetson, 
of New Bedford, Mass.; Mr. Burdette and Mr. A. J. De- 
Camp, of Philadelphia, the discussion of this important 
topic was closed. After a resolution of thanks to Prof. 
Thomson for his very able paper had been passed, the ses- 
sion adjourned until the following morning. 





The fifth session of the convention was called to order 
at 10:15 o’clock Thursday morning, andthe first business to 
come before the meeting was the reading of the following 
comprehensive paper on 


THE FERRANTI SYSTEM, 


By Caryl D. Haskins. 


I keenly appreciate the compliment which your com- 
mittee has paid me in naming me to appear before you to- 
day to read a paper. I fully realize that much is expected 
of me, and I believe I even more fully-realize. my inability 
to handle the subject wit: the completeness which I could 
wish. My connection with Mr. Ferranti was not of long 


duration, and it is now some time since I severed my con-: 


hection with him, so that my information, while pretty 
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complete as far as it goes, is not as thoroughly up to date 
as it should be. 

The Deptford station was far from finished when I left 
London, and 10,000 volts generated direct from the dy- 
namo was still a matter for surmise and conjecture. 
Under these circumstances the best thing I can do, I be- 
lieve, will be to take up each feature of the system 
separately and describe it to you in its various forms and 
applications as thoroughly as I can. Starting with this 
plan in view, I have arranged my paper under the follow- 
ing heads: (1) Methods of Distribution ; (2) Ferranti Dy- 
namos; (3) Ferranti Transformers, Fuses, etc.; (4) The 
Ferranti Meter. 

Starting, then, with Mr. Ferranti’s methods of distribu- 
tion, I will deal first with the old and somewhat famous 
Grosvenor Gallery station, from which current, at a press- 
ure of 2,599 volts, was distributed throughout the most 
wealthy portion of London’s West End by means of over- 
head wires. At the Grosvenor station there were two 
dynamos, each of 626h. p. nominal. These machines I 
will describe later on. From these generators the circuit 
was carried to five double-pole, double-throw switches, 
each having a break of two feet and breaking both sides of 
the line at once. Each of these switches represented a cir- 
cuit, there being five circuits in all run from the Grosvenor 
station. It will readily be seen, therefore, that the switch- 
board of thisstation, which distributed light to no less than 
35,000 lamps, was an exceedingly simple affair, yet, with 
their five switches, any desired combination of machines 
aud circuits could be made. It has quite frequently been 
stated, I believe, that these two machines at the Grosvenor 
station were runin multiple. This is in no sense true, 
though sincé the removal of these dynamos to Deptford 
station they are to be connected in this manner, I under- 
stand. 

From the five main switches the current was carried 
through Ferranti plug fuses of rather peculiar construc- 
tion, having a break of two feet. These fuses I shall de- 
scribe later. From the fuses the circuits were carried on 
ordinary wiring to an overhead distributing pole. From 
this centre the wires branched in five directions, being 
carried over the house tops and not through the streets, as 
is our custom in America. Stranded sieel cables  B. W. 
G. are stretched from pole to pole, and from these cables 
the mains are supported at frequent intervals by means of 
leather thongs or slings, thus saving undue chafing and 
straining of the conductors. This method of supporting 
the meins presents many marked advantages; the wear of 
insulation is reduced to a minimum, and the liability to 
ground is very much diminished. The leather slings stand 
the wear and weather exceedingly well, and renewals are 
much less frequent than would be expected, especially if 
one take one’s foot wear as a basis for calculation. All 
streets are crossed at right angles, and no difficulty is ex- 
perienced with the ubiquitous telephone man. 

Contrary to the custom in this country, the primary 
wires are generally run into the house to be lighted, where 
they are connected to the transformer, a Ferranti fuse 
being placed in the circuit. The secondary circuits are of 
50 or 100 volts pressure, as may be required, and the house 
wiring is quite of the usual style, having a principal second- 
ary fuse at the transformer and a Ferranti recording meter 
in series with the lamps. 

The Grosvenor Gallery as a generating station is now a 
thing of the past. It has been reconstructed, and is now 
one of the four transforming centres of the Deptford sys- 
tem, which draw their energy at the phenomenal pressure 
of 10,000 volts from the machines in the great station on the 
Thames. This heavy pressure is reduced at these central 
points by means of large transformers, and is distributed 
over the London house tops at an E. M. F. of 2,500 volts in 
the manner I have already described, the only difference 
here being that these overhead mains are on a secondary 
instead of a primary circuit, and the house circuits become 
tertiary instead of secondary. 

The portion of the Ferranti system of distribution which 
has given rise to the most interest, and which has been 
most talked of, is the present primary circuit extending 
from Deptford to the four central distributing stations in 
London. Many curious and wonderful ietters regarding 
this have appeared in our journals at various times, and 
have given rise to much confusion and many wild conjec- 
tures, while the real facts of the matter are, I believe, but 
little understood. 

The shape and principle of Mr. Ferranti’s concentric main 
is familiar to all, but a few words descriptive of it may not be 
out of place here. Over a copper tube about one and one- 
half inches in diameter insulation is wound in the formof a 
stout manila paper, thoroughly saturated with a special 
insulating compound. This insulation is wound on toa 
thickness of one-half inch by a machine specially designed 
for the purpose by Mr. Ferranti; over this insulation a 
second copper tube is placed of the same sectional area 
as the inner one, and this is drawn down till tight. 
The cable is made in lengths of 20 feet, and stands static 
tests of immense pressure. Special plug and expansion 
joints are provided for connecting the lengths, which are 
also thoroughly reliable. 

The original intention was to lay these mains with the 
outer tube directly to earth throughout its entire length, 
thus rendering the system absolutely safe, since only one 
side of the circuit could be touched by the hand, and there 
would be no difference of potential between this and the 
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ground. Alternating circuits and grounded telephone 
lines do not agree, however, and the law demanded that 
the Ferranti mains be laid duly insulated from earth ; 
this is, therefore, done. but one terminal of the machine is 
still connected toground, and comparative safety is 
the result, since it will readily be seen that toshort circuit 
through the body it would still be necessary to touch the 
inner tube of the conductor. This would necessitate cut- 
ting through the outer tube and insulation, which would 
mean a short circuit from tube to tube, through the cutting 
instrument, a dead short-circuit on the machine certainly, 
but perfectly safe for the meddler. 

At the collector boxes of the machines an accident is 
impossible, since the collectors are inclosed within an iron 
box, the lid of which is magnetically locked by the excit- 
ing current—nor can the machine generate when the box 
is open, since the exciting circuit is not complete till the 
box is closed. 

Unfortunately, time was an object in the starting of the 
Deptford station, and much contract made cable was laid; 
the greater part of this was the lead-covered cable so fre- 
quently mentioned. This was not of the concentric pattern, 
but an ordinary stranded cable—I understand that it was 
guaranteed to stand considerably above 10,000 volts, but 
after being laid it was found not to stand 10,000 at all, and 
to give but poor satisfaction even at 5,000. This unfortu- 
nate trouble has given rise to much talk, and has been 
scarcely well understood by the general public. 

Several other kinds of cable were tried, but gave equally 
unsatisfactory results, and all mains have doubtless by this 
time been replaced by the Ferranti concentric cable, which 
stands the pressure perfectly, and gives most satisfactory 
results. 

Of the various expedients to which Mr. Ferranti had re- 
course during this trouble with the cables, am _ not pre- 
pared to speak, first because I am not fully informed 
regarding them, and secondly, because they form no por- 
tion of the Ferranti system of distribution. They were 
simply makeshifts, necessitated by an unfortunate happen- 
ing and by lack of time, and they have probably given rise 
to more discussion, both in and out of the papers, than has 
the system itself. 

I will now pass on to a description of some typical Fer- 
ranti dynamos. First among these a few words are due to 
the original form of Ferranti alternator, which, while it is 
no longer manufactured, still, without doubt, was a 
machine of marked efficiency and great originality. The 
characteristics of this earliest dynamo are, I think, about 
as follows. The figures are not based upon my personal ex- 
perience, for the machine was out of date long before my 
time, but upon various fragmentary notes from my pocket- 
book, and a generous quotation from Thompson’s ‘*Dyna- 
mo-Electric Machinery.” 

As in tiie Siemens machine of similar type, the fields 
formed, as they do now, “two upright circular crowns of 
electromagnets with opposing poles.” There were 16 mag- 
nets on each side, 32 in all. The peculiarity of the machine 
lay in the armature, which consisted of a series of zigzag 
loops, eight in number, wound or folded one layer upon an- 
other, and separated by alternate ribbons of strip insulation 
of similar width. The winding was in three multi- 
ple circuits, each strip making 10 turns around the zigzag 
coil, 30 layers of winding in all. Each of these three coils 
are connected at one end witha solid star-shaped bré&s 
boss, which, bolted together from either side through the 
loops of the zigzag coil, forming a solid centre for the disc 
armature, and at the same time connecting directly with 
one of the collector rings, the three coils all again uniting 
in an inner star-shaped piece of brass, which in its turn 
communicated with the second collector. This disc arma- 
ture was 30 inches in diameter and one-half inch thick. Its 
extreme thickness permitted the magnet poles to be brought 
very close together, enough space only being allowed to in- 
sure safe clearance, The natural result of this was a very 
efficient field. 

The dynamo was calculated for a speed of 1,400 revolu- 
tions per minute, and maintained a pressure of 100 volts. 
The armature weighed less than 100 pounds, and the en- 
tire machine rather less than 14 tons. 

Most of these old machines are still in use, principally 
upon British war ships, and are doing good service. 

An excellent type of all the more modern Ferranti 
machines is the 150 h. p. dynamo, which has been manu- 
factured in considerable numbers, and is the alternator 
generally in use in most of the smaller stations using the 
Ferranti system. In this machine the number of parts 
has been reduced to a minimum, and the efficiency is very 
high; it will fully illuminate 3,000 10 c,. p. lamps, requir- 
ing an average enery of over 35 watts each. 

The fields are arranged as in the old machines, and have 
20 magnets on each side. The distance between the oppos- 
ing faces of the fields is rather less than three-quarters of 
an inch, and within this narrow space the coils of the 
armature rotate at a speed of 400 revolutions per minute. 
The armature being four feet in diameter, this makes a 
peripheral speed of 4,800 feet per minute. The diameter of 
the armature shaft is 44 inches, which at first sight seems 
rather large, since there is no great weight to carry; but 
the size is needed since the armature is over-hung. This 
armature is without iron, and consists of a central boss of 
gun-metal, into which are fixed 10 carrying-arms of brass. 
These are insulated from and held into the core by a special 
mixture of sulphur, which is poured in in a liquid state 
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and sets harder than metal itself. This sulphur insulator 
is one of Ferranti’s specialties and prides, and much of the 
success of his machine is, I believe, due to it. I never, 
during my stay with him, met with a ground on an arma- 
ture shaft. 

Each of the 10 carrying-arms which I have just men- 
tioned holds two coils or bobbins of copper tape tightly 
wound by machinery on acentre made up of alternate 
strips of asbestos and brass. Terminating at one extrem- 
ity is a gun-metal butt piece, the entire coil being fastened 
to the carrying-arm by a single bolt passing through this 
butt-piece and drawing the bobbin into place. The wind- 
ing of the bobbins themselves is of alternate layers of 
corrugated copper and fibre ribbon, the object of the cor- 
rugation being to prevent lateral slipping—a very neces- 
sary precaution. The thickness of the bobbins, which 
form the only portion of the armature projecting between 
the fields, is one-half inch, which leaves a margin of less 
than one-eighth inch clearance on each side. The coils 
are connected in two parallel circuits, which are conducted 
away through the carrying-arms and the rods within the 
central boss itself, to the collector rings, where the cur- 
rent is taken off by Ferranti collectors—two half-circular 
pieces of metal like the two halves of a severed ring, 
which almost surround the collector rings and are held to- 
gether by bronze springs, making an extremely good and 
constant contact, and not running at all hot. 

The machine can be very quickly repaired. The two fields 
are divided at the centre and slide back very readily, right 
and left, on extension bases, by the aid of a simple lever- 
ing device. The armature is then exposed, hanging in its 
usual position, and it is but the work of a moment to take 
out and replace a burnt coil with a new one. 

A few details regarding the two 625 h. p. machines 
formerly used at the Grosvenor station, and now being in- 
stalled with changed winding to také the light day load at 
Deptford, may be of interest here, before I pass on to a de- 
scription of the giant machines at the Deptford station. 
These two dynamos are in construction almost exactly like 
the 150 h. p. type which I have already described. The 
machines were originally designed to give current for 
16,000 ten c. p. lampseach, but have frequently carried as 
high as 19,000 lamps without apparent effort. The weight 
of these dynamos is 35 tons. The height from floor is 9 
feet 6 inches ; thefloor space required, 9 by 11 feet; arma- 
ture diameter, 8 feet 6 inches ; potential maintained, 2,500 
volts; speed, 280 revolutions per minute. There are 40 coils 
or bobbins in the armature and 40 field magnets on each 
side, 80in all. The pulley is grooved for rope driving, Mr. 
Ferranti being fully convinced that this is infinitely better 
than the best belting. 

It has probably been already remarked that I have made 
mention of no regulating device for the dynamos. Mr. 
Ferranti makes no provision for automatic governing, nor 
is it needed. It must be remembered that there is abso- 
lutely no iron in the armature, and that the machine is, 
therefore, self-regulating to a very large degree. There is 
no compounding of the field, the field circuit being entirely 
simple and separate. At the Grosvenor the exciters used 
were Siemens machines, giving 108 ampéres at 100 volts. 
At Deptford, Kapp machines coupled direct to Allen en- 
gines are used. These Kapp machines have rheostats in 
their field circuits, not for use in regulation, but in starting 
up and in case of emergency. It will be noticed that the 

wo machines I have just described have not armatures ar- 
ranged with the zigzag winding adopted in the original 
Ferranti machine. This zigzag winding was abandoned 
for several reasons. It wasimpracticable for large arma- 
tures, and a winding made up of separate bobbins or coils, 
which could readily be removed and replaced, was found 
to be exceedingly desirable. To meet these requirements, 
therefore. the method of winding was changed to an ar- 
rangement similar to what is generally spoken of in text- 
books as the ‘‘ Siemens alternating armature.” 

It now remains for me, before passing on to the less im- 
portant apparatus of the Ferranti system, to give a brief 
description of the two sizes of dynamo which are installed, 
and being installed, at the Deptford station. So much has 
been said and written about these during the past year or 
more that I almost hesitate to mention them at all, so 
sure dol feel that almost every one here is familiar with 
their general character and dimensions. 

The Deptford machines will be of two sizes, the portion 
of the station to be put into immediate use calling for 
three dynamos, two of 1,500 h. p. each and one of no less 
than 10,000, Of these the two first are now installed and 
running, while the 10,000 h. p. machine is still in course 
of construction, it being far too enormous a piece of ma- 
chinery to admit of hurrying. Each of the 1,500 h. p. 
machines is driven by means of 40 five-inch ropes from a 
compound vertical condensing engine of marine type, 
having a grooved drum or driving pulley 24 inches in 
diameter. 

The carrying-arms of the armature, which support the 
winding, are fixed directly into one end of what may be 
called at once the pulley and the armature boss, by means 
of sulphur insulation. Into these carrying arms are fixed 
the 48 bobbins which constitute the winding. The total 
diameter of the armature is 12 feet 6 inches. The fields are 
arranged as in the smaller machines, and have 48 magnets 
on each side, 6 in all. The copper strip composing the 
winding of the armature is three-quarters of an inch in 
widtn and one and a half millimetres in thickness. There 
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is only one inch of space between the opposite magnet 
poles, and within this the armature rotates, having one- 
half inch clearance on each side. Small fan-shaped ears 
are cast onto the carrying-arms of these and the other 
machines which I have described, which, when the ma- 
chines are in motion, force a constant current of air be- 
tween the armature and the field, keeping up a very per- 
fect ventilation, and removing any dust which might ac- 
cumulate upon the face of the magnets. This dust, if al- 
lowed to remain, would be apt to cause a short circuit from 
winding to magnets, as one pole of the machines is to 
ground; as an additional precaution against this the faces 
of the magnets are covered with a thin layer of vulcanite. 
The frame divides as in the smaller machines, and slices 
back on extension bases to afford access to the armature, a 
special engine being provided to do this work. 

.Of the 10,000 horse power dynamo lI can say but little; 
it will differ from the others only so far as its enormous 
size renders necessary. The armature will be no less than 
40 feet in diameter, and will rotate at a speed of 60 revolu- 
tions per minute. It will be coupled direct to two com- 
pound vertical condensing engines, each of 5,000 horse 
power, one on each side of the armature. The shaft is the 
largest forging ever turned out of the celebrated Clyde 
workshops, and one of the largest ever made in the world. 
It is no less than 36 inches in diameter; 28 inches in the bear- 
ings. I really do not dare state its weight. There will be 
132 bobbins in the armature and 132 magnets on each side. 
The enormous size of this machine is quite beyond the 
comprehension of one who has not seen its parts. 

The station instruments which are used in connection 
with the Ferranti dynamo are the Sir William Thomson 
gravity direct reading ammeter and the Sir. William 
Thomson statical voltmeter. i 

I will now pass on to a brief description of the Ferranti 
transformer, meter, etc. I am aware that I have been 
able to give but the merest outline of Ferranti’s dynamo 
construction; the subject is far too intricate and wide a one 
to be treated at all in detail within the limits of a short 
paper. Before describing the Ferranti transformer I 
should say a few words about the Ferranti fuse. Its posi- 
tion seems naturally to be between dynamo and trans- 
former. This is an exceedingly simple device of porcelain 
having a long break. It consists of two removable plugs. 
to which are fastened a number of thin strands of fuse 
wire, according to the current to be carried. These wires 
pass through a narrow crevice or slot in the earthenware, 
from plug to plug. the crevice being broken at short inter- 
vals by cup-shaped hollows, this construction preventing 
arching. The fuse has aconvenient earthenware cover, can 
be placed anywhere, and has proved entirely trustworthy. 

The Ferranti transformer is seemingly as little known as 
the dynamo in this country. It is a very simple affair, of 
decidedly high efficiency, consisting of a number of bundles 
of very thin, soft, hoop iron, spaced apart with wedges, 
clamped tightly together and wound at their central por- 
tion with insulation. Each strip of iron is insulated from 
its neighbor for half its length, on each side, by paper 
pasted on. This, when the irons are turned back, as I 
shall presently describe, leaves a strip of paper between 
each layer of iron, but does not prevent a perfect magnetic 
circuit, On these bundles of irons, at the portion wrapped 
with insulation, is wound the secondary, which is 1n its 
turn wrapped with insulation ; on to all this the primary 
is slipped, in the shape of a number of coils, wound else- 
where on former blocks. These coils are slipped on; one 
by one, and separated from one another by, washers of 
shellacked cardboard. The projecting irons are then turned 
back over the coils from each end, lapping each other, first 
one way then the other, like shuffled cards, and the last 
two are fastened off by a simple double ** L” or tinsman’s 
joint. Half of each bundle is turned back in each direc- 
tion, up and down, forming complete magnetic circuits in 
two directions. 

The transformer is extremely convenient in case of re- 
pairs, when the irons are readily straightened out and 
burnt primary coils replaced. It seems, however, to have 
several marked defects ; the flat side of the lamination is 
presented to the penetration of the lines of force, which, 
according to Kennedy, is incorrect construction, and the 
transformer is inclined for this reason both to heat rather 
badly and to hum, the latter trouble being partly due 
doubtless to the fact that the iron cannot be held so firmly 
in this style of converter. as in the more common type, 
where the iron forms a solid block. The transformer is 
incased within a cast-iron shell, from which it is insulated, 
and into which the primary and secondary terminals are 
fixed by means of the Ferranti sulphur insulation. These 
converters are made in five sizes, 25, 50, 100, 150 and 200 
lighters. The large transformers for reducing the 10,000 
volts of the primary to the 2,500 volts of the street circuits 
are of the same construction as these I have just described, 
the insulation being, of course, increased to bear the enor- 
mous pressure. This is not the original transformer used 
by Ferranti ; that was of the Gramme ring type, and rather 
more efficient than the present one, I believe, but scarcely 
practical from a mechanical standpoint. 

There now remains to describe only the Ferranti meter, 
a most ingenious recording instrument largely used in con- 
nection with Mr. Ferranti’s London circuits. This meter 
consists of a coil of a few turns, in series with the lamps, 
which passes around a core of soft iron and terminates in 
a composition metal ring, which is split to prevent Fou- 


Vou. XVII. No. 9. 


cault currents, and is bolted on to a soft iron base, being, 
however, insulated from it. Thus it will be seen that the 
ring, the base and the soft core around which the coil 
passes (the lower portion of which is burnt or cast into the 
ring also) form respectively sides, bottom and top of a 
hollow and tight trough ; the iron is continued from above 
the coil by means of a horseshoe-shaped laminated piece 
of iron which passes down outside of the coil and makes 
contact with the base; thus we have a magnetic pole at 
the top and bottom of the trough. This trough is filled 
with mercury, making contact with three-fourths of the 
inner circumference of the ring and the centre of the base. 
The current entering the coil passes around it to the ring, 
and from the ring through the mercury to the base on 
which is the other terminal. Under the combined infiu- 
ence of the magnetic field and the current passing through 
the mercury from centre to periphery, and vice versa, the 
quicksilver is caused to rotate. A shaft passes from a 
jewel in the base through a small hole in the iron core to 
a train of wheels at the top. On this shaft is au alumin- 
ium fan suspended in the bath; this is all balanced so 
nicely that it actually floats in mercury. Now, since the 
resistance to rotation due to friction is approximately pro- 
portional to the square of the speed, and the turning mo- 
ment is proportional to the square of the current, the 
number of revolutions performed in a given time isa 
measure of the current which has passed through the 
meter during that period. Owing, however, to the fact of 
friction not following this law absolutely, and owing to 
the additional and irregular friction of the gear, a sensible 
error is introduced. This difficulty is overcome by placing 
a shunt coil of high resistance around the series coil, which 
secures an excess of electromagnetic action when the 
friction is greatest in proportion to the torque, thus assist- 
ing the low loads. 

The meter is very accurate and has a quite wide range, 
1 to 50 ampéres being the capacity of the 100 volt instru- 
ments. It is equally serviceable on direct or alternating 
circuits of any frequency. This meter, while undoubtedly 
accurate, has many very apparent weak points, however ; 
the mercury volatilizes quite rapidly, especially when the 
instrument becomes warm; the meters must always be 
kept upright or their contents will spill, and they cannot 
be carried from place to place without being emptied and 
refilled, which, as the quantity of quicksilver varies, is apt. 
to introduce errors. In view of these troubles, Mr. Fer- 
rantiis now also manufacturing and using a number of 
meters of small capacity, similar in principle to the well- 
known Shallenberger instrument, which are sufficiently 
accurate for general use. These are manufactured under 
the patents of Mr. Wright, one of Mr. Ferranti’s staff. 

The reading of Mr. Haskins’ paper was followed by a 
brief discussion by Mr. M. D. Law, Mr. John A. Seely and 
others regarding the methods of connecting converters to 
the primary mains while these lines were in circuit, as they 
must be in ordinary practice for 24 hoursa day. Mr. Has- 
kins replied that it was not Mr. Ferranti’s custom to make 
converter connections on live circuits. 

The second paper of the morning session was one of very 
great importance and interest on - 

DISTRIBUTION AND CARE OF ALTERNATING CURRENTS. 

By T. Carpenter Smith. 

After Mr. Haskins’ very interesting description of 
the English practice 1 feel a_ hesitation in saying 
anything about our own practice, as it seems to be on so 
much smaller scale; but I think we make up in the num- 
ber of plants what they have gained in the size of the few 
plants that they have in operation. 

I feel some reluctance on speaking upon this subject at 
all, because I have already spoken upon it at two or three 
conventions; but it has been brought to my notice that 
while a good deai of it is an old story to some of us. 
there are new stations starting up every day, and it is to 
those people that I address myself more particularly. | 
want to keep them from falling into the same difficulties 
that we fell into, and I do not think there is anything that 
has hurt the business more than the failures in it-—-I do not 
mean the practical or the working failures, but the com- 
mercial failures. The men who put their money into those 
original plants, without any knowledge. and who did it on 
the faith of their engineers, and who found that they did 
not get a sufficient return from it, are not only loth to spend 
any more money themselves, but they exercise a very bad 
effect on others when we try to influence new capital. 

I will begin by stating that there are a great many points 
covered in the care of the alternating currents as used for 
electric lighting that apply with equal force to all others 
at present in use for commercial purposes. It is always 
the unexpected that happens, and no doubt many points 
arise in practice which are never known outside of the 
station in which they occur, being treated as matters of 
course. If, therefore, I seem to omit any point which 
should be covered it must be remembered that it is my in 
tention as much as possible to avoid repetition in suc! 
cases, but only describe some peculiarities of alternatin;:, 
current distribution which render certain precautions 
especially necessary ard valuable. 

To more easily arrive at these it will be well, however. 
to briefly state the different forms of electrical currents 
now in commercial use, and what we may call the govern- 
ing characteristic of each. I leave out those which come 
first in the history of the question; namely, telegraph, 
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are only worthy of note for their generally poor in- 
stallation (laughter), the telephone lines especially being a 
perpetual nuisance to all of the others. This arises chiefly 
from their being of such light gauges of wire that they will 
not stand any exceptional strain such as is placed upon 
them by sleet storms or heavy gales, while the effect of 
rust and deterioration from atmospheric causes rapidly re- 
duces them to the point beyond which they will not carry 
their own weight. I need not say that the moment they 
fall upon any electric light or power wires they become a 
menace not only to the company operating the wires on 
which they fall, but themselves become dangerous to 
passers by in the streets who have not yet learned that any 
dangling wire is worthy of avoidance. 

Perhaps the strongest reason why these wires are pres- 
ent in such overwhelming numbers in most cities is the 
fact that their value as ** scrap” material will not pay the 
cost of taking them down. In other words, a short-sighted 
policy decides that it is cheaper to leave them up, and they 
are abandoned until they either fall down or are taken 
down by some other company which has reason to fear 
them. 

The first that we consider of the currents now in general 
use from central stations are the are lighting circuits. To 
take the most powerful current generally operated on this 
system we may place it at about ten ampéres, and from 
2,500 to 3,000 volts on a single wire. In this current we 
have, as a rule, the governing charaeteristic of a very high 
tension, but with small volume; and it may be well to 
note the particular form of danger to which it gives rise, 
Its high tension makes it dangerous both as to life and fire 
from ics liability to leap through the insulation, and when 
the current has once been started to form a long are. On 
the other hand the danger is limited by the fact that the 
volume of current is small, and that the short circuiting 
of the line by any other conductor tends as a rule to sim- 
ply cut the lights out rather than to cause any great danger 
at the point where this happens, while nearly all the ma- 
chinery of this type in general use automatically reduces 
the energy supplied at once. 

The chief points to be guarded in these currents are. 
therefore. practically covered by the general precautions of 
good insulation and protection against leakage by moisture 
reaching the wires, while the danger of life is very largely 
eliminated by the usual practice of placing all lamps and 
appliances well out of reach of the public, and confining 
their care entirely to employés who are _ presumably 
skilled, and who will therefore handle the matter intelli- 
gently. 

In the second great division of electrical currents which 
we consider, the low-tension direct current system, the 
ruling feature is the large quantity. We may say that 
this current is practically not dangerous to life, but very 
dangerous as regards fire if not properly installed and pro- 
tected. I[tis, however, a simple matter to properly protect 
these wires, and the low tension not putting any great 
strain oninsulation we may discuss it as fully covered by 
the ordinary rule of the fire insurance underwriters, who, 
in this respect, owing to the nature of the business, have 
even more interest in the saving of property from fire than 
the central station itself. The great danger, however, lies in 
the fact that the volume of current isso great thatany short 
circuit on the main lines develops an enormous amount 
of energy at the point of accident. sufficient—on the au- 
thority of Mr. Edison himself—to ‘* reduce the pavement 
to a molten mass for many feet.” (Laughter.) The gen- 
eral public also must necessarily have considerable care 
and control of the distributive appliances, and in their 
ignorance will often put grounds on the wires, or replace 
fusible plugs by copper wires; and this all has to be 
watched for. 

And that is a danger that I think central stations ought 
to interest themselves more in. In Philadelphia we have 
got toa very good point with the fire underwiiters, and 
they keep inspectors constantly at work ; they do not 
merely inspect the work when it is being put in, but they 
go toa man’s building at odd times and look all over his 
wiring again, and if they find any such foolishness as 
copper wire replacing fuses they will very often order his 
lights to be taken out; and it has only taken one or two 
instances of that kind to awaken the public to the fact that 
there are rights which the central station has, and there 
are certain precautions which they themselves must 
take, 

The third great branch, and the one with which we more 
particularly concern ourselves to-day, is comparatively a 
hew one, but has in the short time it has been in existence 
had so phenomenal a growth that it is no wonder that we 
tind even the commonest precautions oftentimes neglected 
in its use, 

In the “alternator” or ‘‘converter” system we may 
say at once as regards the secondary distribution, 7. e., 
from the converter to the lamp, that the rules already laid 
down for the installation of low tension direct current 
Wires will practically cover the case. The alternating 
Current of 50 volts, which practically is the standard to- 
day, wilk work successfully with insulation and under 
conditions which would lead to trouble immediately with 
even the 100 valts direct current; and thig fact in itgelf 
Ollen leads to poor work, either from intention or igno- 
rance, The wiring, of course, must be proportionately 
heavier for this current than for the direct, which perhaps 
adds some slight risk of under-sized wire being used; but 
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this is an evil which will generally correct itself owing to 
the diminution in the light making itself felt before the 
danger point is reached. The fact also that the con- 
verter cuts off all connection between the customer and 
the company removes the great danger of grounds on one 
building, affecting the whole system. 

There are certain peculiar features, however, which 
should not be overlooked; namely, that moisture will often 
cause sufficient leak in the way of ashort circuit to heavily 
overload the wires, while not sufticient to start the *‘dead” 
short circuit, which would blow thefuses. For this reason 
special care should be taken that the wires are properly 
‘‘fused,” and that, in the event of a fuse persistently blow- 
ing with only its proper number of lamps, search should be 
made for leaks. 

The general tendency in the electric light business being 
now very largely to make the consumer responsible for all 
the wire upon his own premises beyond the converter nar- 
rows the subject down to that on which I wish more par- 
ticularly to speak—high-tension alternating current distri- 
bution. This current has, to a certain extent, the governing 
characteristics of both those mentioned above, and this has 
excited a disproportionate fear of it. Its tension of 1,000 
volts (to take that oftenest used) is high enough to make a 
first-class insulation necessary as a precaution against 
leaks, which may soon break out altogether, and its being 
a constant potential system allows the whole power of the 
dynamo, or rather of the engine driving it, to be possibly 
developed at any point by a short circuit. 

Without going into the fiercely debated question of 
direct vs. alternating currents, | would call attention to 
one fact. With high-tension direct currents I have seen 
linemen in repairing lines or cuttingin circuits handle an 
are circuit of perhaps 2,000 volts when they should hardly 
touch it, and, by taking a quick hold and keeping it, make 
a connection while really in a position of great danger. 
since a ground coming on the line elsewhere would surely 
kill or injure them, though they would not believe this, 
since they could only feel the current at the moment 
of taking hold or letting go. With the alternating, 
however, the effect is constant, and so intensely dis- 
agreeable that a very slight leak indeed will 
discourage any one from running’ the least 
risk on live circuits. I may mention in this connection'that, 
as far as my experience goes(and I believe some of the 
learned doctors agree with me), the action of a heavy shock 
of alternating current is to force the diaphragm up into the 
chest, compressing the lungs, and literally squeezing the 
breath out of one, causing the cry which seems peculiar 

eto those caught in this way. If the person is stunned, dash 

cold water on the face and chest, loosen the clothing, es- 
pecially. at the neck, and use artificial respiration, as for 
the drowned. One of our linemen who was badly caught 
was brought round by these means, after being, to all in- 
tents and purposes, dead for nearly 10 minutes, no breath 
or pulse being visible. 

Coming now to my subject proper, the first precaution 
which I think we should take in any case is to properly 
lay out asystem of distribution according to the circum- 
stances of the installation. Almost the first point to be 
thoroughly settled is the size of unit dynamo which it is 
proposed to use. This should be kept as large as pos- 
sible, for the reason that practically a large dynamo takes 
no more care to look after it than a small one, while at the 
same time care must be taken not to get it too large, since 
an underloaded dynamo and engine is not economical to 
run. 

The second point is that as alternating currents dynamos 
are easiest run separately and not in multiple arc, the 
planning of the pole lines, feeders and mains for the 
various circuits should be such that these units can be 
economically used. 

Another point to be looked at in the general plan is that, 
wherever possible, the sizes of mains and feeders should be 
kept the same throughout, thus reducing the number of 
sizes of wire used in street work, and keeping the pole 
lines and fittings as uniform as possible. 

It is astonishing how few different sizes of wire are really 
needed if care be used in planning, for it is always a good 
fault to keep the sizes up both for mechanical and electri- 
cal reasons. 

{t must not be forgotten that however much we may be 
able at the present, or have been able in the past, to con- 
trol the condition under which we shall supply the public 
with any article, it is only a question of time when the 
public will decide for themselves, not only under what 
conditions but in what quantities and under what prices 
they will take what we have to supply. 

In the early history of electric lighting, and we may say 
even to the present time, as far as arc lighting is concerned, 
the contract basis will be the one upon which the light is 
sold. With incandescent lighting, for many years the con- 
tract system seemed to be the basis, but as soon as a good 
and reliable meter was placed upon the market, that mo- 
ment the conditions were changed. 

It is a part of our humao nature to desire only to pay 
for that which we use, and it is equally a part of our 
human nature to try and get something which we have 
not paid for, and for this reason there will always be those 
who desire the meter system and those who desire the con- 
tract system; but the weight of public opinion is so heav- 
ily in favor of the meter system that we may, to all intents 
and purposes, consider it as the adopted method of sale. 
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Electric lighting is after all only a lighting business, and 
those who are concerned in the furnishing of incandescent 
electric lights will learn many a valuable lesson from the 
gas companies, who, as I have more than once reminded 
you at these conventions, did not reach their present 
methods and conditions by having them schemed out at 
the start, but through much _ tribulation and many trials, 
so that their present methods are simply another instance 
of the survival of the fittest. For these reasons, in deciding 
on unit sizes, remember to count on probable load and not 
on probable number of lights rented. 

To begin with the dynamos, we may say that the best 
unit to use will be probably found by taking the maximum 
all-day load. In some cases, however, this will be very 
light compared to the loads thrown on during the ‘* heavy 
hours,” and in such cases it may be better to use a much 
larger machine for the sake of uniformity with its many 
advantages. If multiples of a unit are used, only one or 
two spare parts need be carried; the feeders and mains 
can all be laid out alike, and any dynamo is ready to take 
the place of any other without any preliminary cutting 
and changir g of circuits. 

The question of sub-divided power is a vexed one, and 
one on which we can never hope to see all agreed ; and 1 
therefore do not make any suggestions beyond noting that 
a dynamo which can pull up its driving engine without 
injury to itself is a good thing; that running a small engine 
as a relay is cheaper than running a Jarge one, and that m 
incandescent lighting the customer, not the central sta- 
tion, regulates the load. Of course, these remarks apply 
only to engines of the same type. Ido not set a small, 
high-speed, single expansion engine against a large com- 
pound or triple expansion one. 

Keep dynamos well insulated, but put collectors to leaa 
off static electricity from the bolts. If there is a slight 
leak on one of your circuits, the easiest path for the spark 
may be to jump into the armature, and so to line and 
ground, and this spark will punch through almost any in- 
sulation, and gradually keep making it weaker till some 
day the current generated in the armature follows the 
spark and your armature is gone. Look carefully to all 
screws and bolts; the alternating current seems to have 
some peculiar effect (perhaps by mechanical vibra- 
tion, perhaps by actual molecular’ expansion 
and contraction) in loosening screws, causing 
small ares which may melt off connections or may make 
bad contacts. Nothing is more annoying than to have a 
dynamo operating perfectly until shut down and then refus- 
ing to start up again. This comes often from such poor 
contacts, the current following and bridging over as long as 
itis kept going, but failing to make the first jump 
necessary to start. In arc lighting machinery this used to 
be got over by *‘ jumping the machine ” or short-circuiting 
it for an instant; and I have known alternating incandes- 
cent dynamos ruined by being served the same way. 

Asmall air pump and tank, with lines of pipe through 
the station and a hose to direct a strong jet of air into the 
armatures, will be found a valuable addition to station 
equipment, and the amount of dust and copper which can 
be blown out after the hand-bellows has done its best is 
surprising. 

Have your switch-board so that circuits and dynamos 
can be easily and quickly changed. ” 

One feature which Ferranti seems to have early foreseen, 
one which in our American practice, I think, has been 
somewhat neglected, is the use of fuses with a very much 
greater distance between the points of attachment, and 
some ready means of replacing the fuses without danger 
to the person so doing, even if a short circuit should still 
exist on the line which is being handled. ; 

For this reason also it is a great mistake to crowd 
switchboards too closely. There could be abundant room 
given both for the operator to stand in front of the board 
and to beat a hasty retreat without the danger of Leing 
caught by machinery or bolts behind him, and to allow 
the free use of the hands and arms without the danger of 
being burnt by fuses in the immediate neighborhood which 
may go off at anytime. While an alternating current will 
not make much of an arc when a fuse melts simply from 
overload, it does make a wicked and demoralizing one 
when a short circuit is present, especially when it has a 
heavy machine behind it. 

There will always be some hesitation, 1 think, as to the 
adoption of devices for putting in fuses which do not have 
a positive contact, such as a screw connection, or one 
which I think Ferranti used, a plug which can be twisted 
in at every application, thus keeping the contacts clean. 
I think, however, that we shall soon see a fuse adopted 
which shall be in the form of a switch which can be opened 
and closed as often as needed to keep the contacts bright 
and clean. 

In fitting up the fuse blocks and switchboards it is well 
to leave no points or sharp corners exposed, since the alter- 
nating current will jump from such points if it be trained 
across or induced to do so by the presence of the lead vapor 
from a fuse which has blown. 

It was one of my earliest experiences to see an arc jump 
in this way from the ends of wires which had been pushed 
so far trough the connections on switches as to show 
their ragged points beyond the metal of the switch. The 
arc, which was formed on a blowing out of a high-tension 
fuse, bridged between two such points a distance of nearly 
10 inches and held there for some 15 or 20 seconds, in 
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which time it had pretty thoroughly melted up the brass 
parts of the switches. In this case the arc had been 
started by throwing in a 100,000-watt dynamo on a short 
circuit. 

While high insulation is needed on a switchboard, which 
leads many to the use of rubber wire, I would say that I 
think a far greater danger is introduced by its use, name- 
ly, fire. On an incandescent board, fuses may go at any 
moment and draw a heavy are with them. If coverings 
and fittings be used which will not carry flame, all is clear 
for new fuses in a few seconds; but if once fire starts and 
the other fuses let go, there is no saying where the damage 
will stop. While the voltage was enormously higher—and 
we do not know under bow much more difficult conditions 
they labored—the destruction of a switchboard in the Gros- 
venor Gallery Station in London, and the consequent shut- 
ting down of 30,000 lights, is a warning all should heed. 

It is always test to have no wires concealed anywhere 
about a station, and they should be run on porcelain or 
glass insulators, so as to be perfectly safe from fire, even if 
they should be soaking wet. With wires running this way 
there need be no fear of throwing water on wood work 
which is in danger of catching fire, since the worst damage 
that can be done would be the blowing of the fuses from a 
short circuit. Of course, the covering of the wires should 
be of a kind which will properly protect those who are 
working among them. A separate ammeter and volt- 
meter on each circuit or feeder, while apparently an 
expensive luxury, is in reality a very great saving 
and convenience in a station which has lines over a 
half mile in length. The ammeter enables one to tell 
precisely on what feeders the load is heaviest; and where 
more than one feeder runs to any district, it isa convenient 
means of knowing just upon what circuit to cut in the 
lights for any new customer. If the system in use allows 
any compensating device for indicating the correct voltage 
at the point of distribution, instead of in the station, it 
will be so much the better; and also to have on all 
feeders, if possible, but certainly on extended ones, some 
arrangement for raising the eleetromotive force, in order 
that both short and long feeders may be operated from the 
same dynamo. Of course, there are many cases where it 
pays to run a separate dynamo at higher voltage for a par- 
ticular feeder or set of feederson which there is a heavy 
drop. But even in such cases it is often useful to be able 
to run these feeders with those on which the drop is small 
from the same dynamo. 

Put pilot lamps on each feeder, which will often attract 
attention toa circuit being out quicker than the voltnieter, 
and put pilot lamps also on each field circuit. Jf sepa- 
rately excited dynamos are used, put pilot Jamps also on 
both the main circuit and field circuit of the exciters. 
These pilot lamps need not of course be up to candle power. 
High-resistance lamps or lamps placed in series will be 
quite sufficient, and the amount of current they use will 
be inappreciable, while the saving in time which the lamps 
afford in case of any failure of current by enabling un at- 
tendant to locate the trouble at once between certain points 
is often considerable. Thus if the pilot lamps on the main 
feeder and on the field circuit of the alternator have both 
gone out, while the pilot lamps on the exciter mains and 
exciter fields are still lit, it shows that the 
trouble is somewhere between the pilot lamps on 
the field circuit and the exciter mains, being probably loose 
contacts in the switches or something of that kind. If the 
pilot lamps of the alternator only have gone out, there is 
no use looking for any trouble about the fields or the exciter 
circuits, since the pilot lamps being lit, there shows at once 
that the trouble is further on in the chain of connections. It 
may seem a refinement to put in such arrangements for the 
sake of saving a few minutes or even seconds in locating 
troubles; but it must be remembered that the public are more 
and more demanding that incandescent lighting shall be 
as continuous and reliable as any other method, and when 
all the lights in a building go out at once, a few seconds’ 
delay may be a very serious matter. The public are not 
concerned with what the cause may he, but only have one 
question, ‘‘ Why do I not get the light that I pay for?” and 
the man who rents one light is often more troublesome than 
the man who rents a thousand. 

Separate exciting I think will be found to give the easi- 
est handling of dynamos, and also has the advantage that, 
as long as each of the alternators has its independent 
rheostat, the regulation of the exciting current regulates 
all the lights with very little trouble. 

For small stations self-exciting machines have their ad- 
vantage, since they give less actual machines to look after; 
but I doubt whether this advantage is not more than cov- 
ered by the fact that it is a simple matter to carry a spare 
armature for the small exciter, which can beslipped out in 
a few minutes, rather than to have to change the heavy 
armature of an alternator because of some slight trouble 
with its exciting coils or commutator. 

While alternating current dynamos are best run sepa- 
rately, and the need of synchronizing is not often felt, when 
it is wanted it is wanted badly ; and it is a good plan to 
carefully speed all machines and engines so that they will 
all run atone speed when light and at a certain increased 
speed when loaded. This can generally be done with 
separate engines by changing the governors, and, where 
shafting is used, by slight changes in pulley diameters; and 
this will enable the dynamos to be run together, if required, 
with as little trouble or danger as may be, 


THE ELECTRICAL WORLD. 


The keeping of a careful log in boiler, engine and dy- 
namo rooms I need hardly refer to. For some years now 
in the larger and better equipped stations it has been cus- 
tomary to weigh the coal used under the boilers and to 
keep an hourly or half-hourly record of the load upon 
each dynamo and feeder, Now that reliable meters can 
be had for use on high-tension circuits, I think it would be 
a matter of the greatest importance to have one of these 
meters placed in the circuit of each separate feeder, since 
by that means we are enabled to check up the difference 
between the amount of current furnished to the feeder at 
the station each month and the amount of current which 
is charged to the various customers on that very same 
feeder. This is nothing more than the station meter of 
the gas company, and its value as a means of detecting 
leakage on the lines, whether from bad insulation or from 
theft of current, cannot be overestimated. 

One point we must always keep clear before us, and 
that is that as long as the contract condition of selling 
light existed the cost of making this light did not bear so 
invariable and fixed a value, with reference to the profits 
of the station, as it does where a meter is used. 

With the contract system there might be many contracts 
made for the use of a certain amount of light, which 
amount of ligbt would not be used, resulting in a direct 
profit to the company, which, in such cases, received 
money for what it did not furnish; but with the meter 
system the only receipts of the company are for the cur- 
rent which is delivered to the customer, and the difference 
in the price charged to the customer per watt hour, and 
the cost of producing this current per watt hour, is the 
measure of success or failure. 

It is, I suppose, hardly necessary to refer to the advan- 
tages of keeping careful records of dynamos and con- 
vertors, and all repairs to be made on them. The advan- 
tage of such a system of records can only be appreciated 
by those who have used it. There are certain classes of 
machine in which armatures will last without giving a 
sign of trouble for from two to three years, and then 
one coil after another will commence giving out. It 
may be found that when a machine has been running 
for perhaps a few months, and a coil gives way, that this 
coil may have given out from some local defect or 
injury in itself, and it will be worth while to repair only 
this coil. On the other hand, if at the end of four years a 
coil gives out, and then a month or two later another coil, 
it may pay better to rewind the whole armature rather 
than todo any patching, since the chances are that the 
whole armature is weakened, and will keep on breaking 
down until the whole has been rewound anyhow. The 
same with converters; there will occasionally be found a 
converter which is always in trouble. It may keep blow- 
ing fuses or burning out switchboards continuously, and in 
a short time the extra cost of taking care of it would 
amount to more than a complete repair. 

T do not mean to include in the regular repair book such 
small items as the placing of fuses; but it is astonishing 
how much can be learned about converters by persist- 
ently following them up. The meters which are now in 
general use cannot be too carefully watched. There are 
numerous little troubles which arise with them, chiefly 
from poor contacts and dust. By keeping a careful record 
of the readings of each meter from month to month, a 
great deal may be learned about them, and some of the 
apparently unaccountable changes in their records be 
traced. 

Among some of the minor points which must be looked 
out for are just to see that spiders and insects do not get 
into the meters and stop their motion, and that the growth 
of electrical knowledge among the customers does not tend 
to make them try to beat the meter. We have found cases 
where this was done by drilling a very fine hole in the case 
of the meter and dropping into it a fine wire which should 
touch the vanes and so stop the meter recording, this being 
done for perhaps two weeks in the month, so as not to 
arouse suspicion by a total cessation of the record, while 
at the same time allowing a wide interval of time during 
which the meter inspector might call without detecting the 
presence of this wire. 

The short-circuiting of a meter has been practiced to some 
extent, but it can usually be guarded against by running 
both wires to the meter under moldings, which, as a rule, 
the customer does not care to meddle with. In one type 
of meter we have seen large pieces of iron placed beside it 
to interfere with its record—and this will affect I believe 
almost any mechanical meter.’ The electric meter, being as 
arule placed like its cousin, the gas meter, in the darkest 
and most inaccessible spot in the building, is not always 
easy to keep closely watched, but if it is, a few good ex- 
amples will often do away with a large measure of the 
trouble. 

To take up the second great branch of my subject, that of 
the outside distribution, let us return to the point where we 
spoke of the importance of outlining the plan and lay-out of 
the circuits in connection with the decision as to the size 
of unit dynamo. 

For the outside distribution the first point that we have 
to consider is the question as to whether the wires are to be 
run overhead or underground. Without expressing any 
preference for one or the other, I wou!ld mention a few 
points in each which should be most carefully looked after 
before deciding upon the use of either. If underground 
work be possible, what advantage do we gain by its use? 
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We may say that we practically get rid of all the trouble 
connected with storms and fire and other incidents of like 
nature. We also remove a great deal of the public 
clamor against the use of electricity, and we avoid 
the annoying interruption to work which goes on 
from the mere fact that our operations have to 
be conducted in full sight on the public streets. We also, 
toacertain extent, get a kind of claim upon premises 
where the current has been introduced undergreund, since, 
as a rule, the connections are not visible from the outside: 
and when the current has been cut off we are not re- 
quired to remove them as is often the case with overhead 
wires. All things considered, the maintenance of under- 
ground cables would probably be less than that of over- 
head wires, providing that the fixed charges due to the 
enormously increased cost be left out, since accidents to 
overhead lines generally occur together, from storms, etc., 
compelling the carrying of a larger force of wiremen, or 
a proportionately longer time to make repairs. 

The greatest disadvantages of underground wires are 
undoubtedly the uncertainty as to their life, both from 
want of experience and from ignorance of thé exact causes 
which lead to their destruction; and also that their 
enormous first cost raises the cost of the production of the 
electric light to a point which compels us to charge the 
public more for their light than they are inclined to give, 
which fact in many cases actually prohibits its introduc- 
tion. A very peculiar series of phenomena are introduced 
when wires are placed underground in such close 
proximity to one another as_ they necessarily must 
be where a large number are run in _ conduits 
together, and these results are not very well under- 
stood so far even by those who have had the most experi- 
ence with them. I may cite as an instance of this the ef- 
fect which has been observed in Mr. Ferranti’s 10,000-volt 
mains from the Deptford station, where the electromotive 
force at the London end is higher than that at the generat- 
ing station. There seems to be some doubt as to what 
causes this condition, and so far some controversy over it, 
though it would appear from recent utterances to be fairly 
well proved that it is due to static capacity. One thing 
seems certain, that a similar effect has been observed on 
some overhead lines; but in the latter case it has not been 
sufficient to interfere with good running. 

If the overhead system be determined upon, nothing but 
the very best construction should be used. It must not be 
forgotten that the majority of accidents which have oc- 
curred from overhead wires have been caused by 
poor construction. I do not think Iam far wrong if I 
say that all accidents which have occurred to others than 
employés of the companies have been caused either by 
poor construction or gross carelessness on the part of those 
injured. With employés the case is somewhat different. 
Undoubtedly many have been killed by their own care- 
lessness, but there is a certain class of accidents which 
occur to the most skilled men and under the most extraor- 
dinary conditions, which must be put down simply as true 
accidents, and against which no better provision can be 
made than by careful construction and inspection. 

I think if I detail the method: which was followed in 
laying out the feeders for a large central station with which 
I was connected, a modification of this will probably be 
found adapted to most cases, 

The bulk of the lighting was expected to be on two main 
streets of the town ruaning paraliel with one another on a 
long curve for about a mile and a half, and the central 
station was located about half way between the centre and 
end of this line, and about one-half mile distant from the 
nearest of the two streets. There were five cross streets 
available, running from the central station in almost a 
straight line to different points of the main lighting dis- 
trict, and the question was raised asto which would be the 
best to use for running the main feeders. Approximate cal. 
culations showed that the full load of the largest machine 
proposed, 3,000 lights, could be carried between any two of 
these cross streets or feeder junctions with the maximum 
drop proposed, if No. 3 wire were used for the mains. It 
was, therefore, decided to use a No. 3 wire confinuous 
from end to end for the mains to start with, proper ar- 
rangement being made to cut this main into sections as 
fast as the load should increase, so as to render the split- 
ting up of the load unnecessary. 

To determine the size of feeder the only point raised was 
as to which was the heaviest wire which could be ran upon 
poles and handled easily. It was determined that No. 0 
Brown & Sharpe would best fill the conditions, and five 
lines of No. 0 Brown & Sharpe wire, one on each street, 
were run up and tapped into the mains at the junctions of 
both streets. The maximum number of ampéres that 
could be carried by each feeder with two per cent. loss was 
then calculated, and marked on the feeder at the switc h- 
board end on the plans, thus: No. 1 feeder, being the longest 
would only carry 22 ampéres; No. 2 feeder would carry 4, 
ampéres; No. 3 feeder would carry 80 ampéres; No. 4 
feeder would carry 65 ampéres and No. 5 feeder 
would carry 30 ampéres. These would all run from one 
switchboard, and as soon as the ammeter on any one Of 
these feeders showed that the maximum load during the 


night’s run reached its limit a second No. 0 wire would be 


run on this pole line and multiplied with the first, doubling 
the capacity of the feeder at once. In the same way, 
long as the total load on all the feeders did not reach above 
the first 3,000-light machine installed, the mains were lett 
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continuous; but as soon as this limit was reached the mains 
were cut at such a point as to about divide the load into 
two parts, and two machines were started. 

This progress will be kept up indefinitely, the feeders 
being always kept below two per cent., andthe mains cut 
to accommodate the unit of 3,000 lights of dynamo 
capacity. ‘ 

The feeder which had the smallest available load, No. 1, 
carrying 22 ampéres, happens to be the feeder which runs 
to the district where the fewest lights are expected, and in 
all probability will never be doubled up, the district 
being thinly populated and with no immediate prospect of 
its being built up very much. 

In this plant another detail was introduced of making 
the breaks in the mains by means of switches, so that in 
the event of a breakdown of a feeder line the closing of 
these switches would enable the lights to be taken care of 
by the machine on either side. 

The plan in fact makes the whole system of mains one 
large switchboard, allowing for the transfer of lights up 
and down the line among the different sections. 

In laying out long feeders try and keep those which be- 
jong to different circuits as far apart as possible, since 
wires which run parallel with each other for long distances 
will cause interference, especially if the voltage of one cir- 
cuit be considerably higher than that of the other, and still 
more if the static capacity of one be much larger. In put- 
ting in new lines be very careful to avoid the effects of in- 
duction from live circuits, which sometimes rises to an 
unexpected degree. I have known of a case where men 
received a heavy enough shock to throw them down 
in taking hold of the bare end of a wire totally 
disconnected in every way from the circuit, but 
which ran parallel for about a half mile with a 
1,000-volt feeder. Had these men been handling a bare end 
on an iron pole they might have received shock enough to 
throw them down, and injure them seriously from the fall, 
when we should have had another ‘‘ mysterious accident” 
with electricity. In placing converters, while in many cases 
they can be placed with perfect safety inside of buildings. 
they can generally be placed outside in positions where 
they can be got at easily for re-fusing. and without dis- 
figuring the buildings to any extent. A very good rule is 
to allow no porcelain insulators on outdoor work; nothing 
but glass put on iron brackets so made that the glass can 
always stand upright to prevent filling with water. No 
loops should be allowed to be cut in on the circuits between 
poles, but all connections should be made ata pole. And 
in the case of converters placed inside buildings, a double 
pole switch should be placed at this point; though I should 
not think it absolutely necessary in the case of converters 
placed outside of buildings. 

Run converters separately if possible, and, if it is abso- 
lutely necessary to run them in multiple arc, keep aclose 

vatch upon the fuses, since when run in this way ccn- 
verters have a trick of blowing fuses without any apparent 
cause. Never change high-tension fuse. 

When converters are brought back to the station for 
storage they should be kept ina warm, dry room to pre- 
vent the condensation of moisture on the interior of the 
cases, which will damage them quicker than leaving them 
in service out of doors. 

It must not be forgotten that thoroughly sound over- 
head construction is the strongest argument which can be 
advanced to-day against companies being compelled to 
spend large sums of money on underground work. I have 
been so much interested in the pole-line work done in this 
city that I have examined it with some little care, and I 
find some points that surprise me, though I was well aware 
that their construction was of the best, and I relate some 
of these points for your consideration. All new poles are 
made of sawed yellow pine, tarred where sunk in the 
ground and painted above it, none less than eight inches 
square being used anywhere, and the majority being 10 
inches and 12 inches. 

The cross arms are not only heavy in themselves, but are 
rendered even more so by the kind of pins used. These are 
not of wood, but are made by placing a lag bolt, with its 
head in the glass insulator, and cementing it in solid with 
plaster-of-paris, these lag bolts being then screwed directly 
into the cross arm, avoiding the weakening of the arm by 
large holes bored into it and doing away with snapping 
pips. 

All new wire strung is of high-grade insulation, and all 
low-grade wires whenever taken down are reinsulated 
with high-grade insulation before being replaced. All 
joints in the line are soldered, and nothing but iron brack- 
ets and glass insulators allowed for outside work. Not only 
have the iron brackets been made for all situations, 
but they have been made‘in pairs, so that the leading 
wires shall always be kept a uniform distance apart, 
Which adds enormously to the trim and workman- 
like appearance of the lines. I think all _ will 
agree with me that those who are willing to spend 
the enormous sums that such work costs have established 
aright to ask that they be not expected to do anything in 
the way of underground work until underground work 
has been demonstrated as successful in every way as the 
work that they have done here, and more than this, that 
such underground work shall possess decided advantages 
to compensate for the increased difficulty of locating and 
correcting trouble, in which respect the overhead line is un- 
doubtedly far superior, 
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If municipalities wish to place themselves in the front 
rank of progress, and, at the same time, encourage local 
industries, let them rather expend their energies in insist- 
ing on and compelling the proper carrying out of well- 
tested methods of constructicn rather than in demanding 
that untried principles and methods be experimented with, 
often under conditions which preclude their success. (Ap- 
plause.) 

In taking up the discussion of Mr. Smith’s paper, Mr. M. 
D. Law, of Denver, said: 

I have listened with great pleasure to the reading of Mr. 
Smith’s paper, and heartily agree with him in all that he 
has said, more especially in what he says in regard to the 
good construction of lines, of which we see a most excel- 
lent example here in Providence, for I certainly never saw 
better construction than what is shown by the Narragan- 
sett Company. It undoubtedly has cost them a large 
amount of money, and may, perhaps, appear like an un- 
necessary expense: but in time they will reap the reward 
for such construction. 

For the past year I have been connected with a large 
Western company where a striking example of poor con- 
struction is shown, where it will cost them a large amount 
of money to put it in anything like a safe condition, and 
the worst part of it is that the directors are not willing to 
spend the money that is necessary to put these lines in 
good shape. But the time is coming when that sad state 
of their lines will force them underground, or give a limited 
time in which to put them ina good condition. One of 
the principal faults of bad service, especially in the use of 
alternating currents, is in poor line construction. 

Another mistake made in running lines where other 
wires are used than those of alternating currents, is in 
placing the alternating wires on the top. These should be 
kept down low, as there 1s not the danger to dynamos 
from the crossing of wires, as a cross on a direct current 
wire does not, asa rule, mean any damage to the ap- 
paratus, But in the case of a cross on alternating wires it 
means a burned out armature, unless insulations are 
especially good and the circuit is fused very close to its 
maximum load. I find this a very important point to 
jook after. Examine all fuses carefully every day, and 
never have the circuits fused to more than ten ampéres 
above the ampere record of the daily run. 

Mr. Smith speaks of the necessity of carefully fusing the 
primaries of the converters. When I took hold of this 
Western company I found that in a large proportion of its 
converters the primary fuses had been taken out and No. 
14 copper wire substituted. In the case of a burn-out in 
the converter it will, under these conditions, mean a 
burned-out armature. If you have any number of dyna- 
mos the ampére load of each circuit should be kept 
within the smallest unit of your machines. This means 
the ability to make rapid changes in times of trouble with- 
out danger of overloading them. A great mistake is 
made in putting the switchboard too close to the 
wall, especially when the fuses are put on the back 
of the board, and the board should be so arranged that a 
man can get out at any time, as it is sometimes rather a 
hot place and not a good location to get penned up in. 
Each and every circuit should be provided with both volt- 
meters and ammeters, as Mr. Smith has stated. And in 
addition to this, it is a good thing to arrange a many-point 
switch that you may at will connecta standard Cardew 
or other voltmeter to any circuit; and, in fact, this should 
be done several times a day, as the voltmeters in constant 
use are liable to get out of calibration. This is espe- 
cially useful if you are placed in the position in 
which I was, where the directors refuse to get the 
copper which is necessary to even up the loss on lines, 
and you get into the position where you have 50 per cent. 
loss on one line and only two per cent. on another. In this 
case the extra voltmeter is absolutely necessary. Great 
care should be taken with the exciter wires when they lead 
from bus bars that they are amply large, that there may 
be no loss between exciter and alternator, or you may re- 
quire such a high voltage in your exciter circuit that it may 
be dangerous to your dynamos. Wheresuch wires are car- 
ried under the floor and the floor on the ground do not 
allow the use of an ordinary wire covered with soft rubber 
tubing, as it is very dangerous from the fact that the oil 
which gets on them softens the rubber. A better plan is 
to make a small conduit or trough and thoroughly bed and 
cover the wires in plaster of Paris; this is a good insulator 
and will prevent the entrance of oil or allow fire to follow 
the wire. 

Another important point in the construction of lines is 
that where the primary loops are led off from the main 
feeder, as a rule these wires are half spliced on to the main 
feeder and carried directly to the converter. This should 
always be done at the pole, and such wires be so arranged 
that it is impossible for a cross to occur where the primary 
wire crosses that of the main feeder. This I find to be a 
common fault, and in several instances, to my own knowl- 
edge, has resulted in a No. 8 wire burning entirely through 
a No. 0 wire and dropping the live wire in the street. 
Great care should be taken that this wire is carefully fasc- 
ened at the pole in such a position that it will be impossible 
for a cross to occur. 

This was followed by a brief discussion regarding the 
safety of placing transformers in the interior of buildings. 
Mr. Smith said that in his own practice it was found that 
there was no danger from converters whether placed inside 
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or outside of buildings, providing there was an air space 
surrounding them. A motion to postpone the further dis- 
cussion of the paper until the next meeting of the con- 
vention, and to print the whole of it in pamphlet form,was 
carried. 

The third paper of the morning session was on 

MUTUAL INSURANCE OF ACCOUNTS. 
By Frederic A. C. Perrine, D. Se. 

The recent financial crisis has been happily passed in a 
manner never before attempted or imagined in the history 
of business and banking. At any moment one of our sen- 
sation-loving newspapers, willing to handle fire, might 
have precipitated the whole country into financial ruin 
by persistently teaching fear and liquidation, but, taking 
as they did an optimistic view, they did not check the 
new force in banking—-mutual support. 

It may be objected to the use of the term ‘‘ new force,” 
that ‘‘mutual support” is the very underlying principle of 
banking as it has always been practiced, but its applica - 
tion in approaching times of panic is almost new enough to 
be called a discovery. Mutual confidence in ordinary times 
is but the belief that any one, when individually called 
upon, can at any time meet his current obligations, but 
the principle applied by the bankers of Europe and by our 
New York Clearing House is essentially the belief in the 
solvency of the country, or the world as a whole. Two 
forces tended to bring about this happy result, one acting 
here and the other abroad. . 

In Europe the Barings were not the only bankers heavily 
involved in South American securities. They, indeed, were 
the heavest holders of Argentines, and had taken the ini- 
tiative in attempting to float them; but, failing in this, the 
load became too heavy for their individual shoulders, and 
their fellows were ready enough to give them aid, which 
would also protect the smaller holders, in which number 
is included all except one or two of the great bankers. 

Six months or more ago the possibility of a crisis had 
been foreseen by our bankers, some of whom are intimately 
connected with South American affairs. By them it was 
known where lay the greatest financial dangers, and that 
these dangers concerned us only indirectly, through our 
speculative markets, rather than through the ordinary 
channels of business. When the crash came, and the 
worst was averted by the ready loan of gold abroad, our 
Clearing House, feeling that a lack of confidence was the 
one dangerous element, ventured upon the experiment of 
the issue of a new form of currency, namely,-the Clearing 
House certificates. 

Now that theair is clearing and we lcok about us, we 
find among the most sensitive lines of business the indus- 
try of electric lighting. Very few of the companies are 
thoroughly on their feet as regards ready cash, being but 
young, and spending their earnings in necessary exten- 
sions; almost none are individual concerns, the majority 
being stock companies, and, as a consequence, feeling 
immediately the waves of the market. Many, noticeably 
the electric railroads, were in the midst of initiative con- 
structions, and just about to float their bonds; but we can 
proudly say that nearly all were and are looked upon as 
successful business ventures, safe enough while confidence 
lasts. 

These considerations have led to the thought that, with- 
out looking to outside bankers or business men, the elec- 
trical business should form an association of confidence, 
capable of rendering them independent of the market, if 
not even a stay to it in future crises. It is thus that we 
see an association of confidence used by the bankers of the 
New York Clearing House, and, following immediately 
upon their action, the timely speech of Edward Atkinson 
before the Boot and Shoe Club of Boston, proposing its con- 
tinuation as a general principle, and its extension to the 
needs of every-day life, in a money issued by the clearing 
houses, based upon the stability of the business men of the 
country, and backed by a reserve in coin, only to be called 
upon in time of greatest need. In the course of his speech, 
to show how little the risk, he cites the fact that, in his ex- 
tended experience of business, the losses through bad debts 
have not amounted to one-half of one per cent. of its value, 
This low average, I believe, has hitherto been much too 
high, applied to the electric light and railroad industries, 

If, in view of these facts, the electrical companies would 
form a mutual association for the purpose of insuring their 
accounts, the effect would be that of increased capital in 
the business, relieving their creditors of much of their 
anxiety and rendering stable the stock and bonds of the 
associated concerns, The risk of an account is not greater 
than that of anything else for which‘insurance is granted— 
a man’s life, or loss by fire, for instance, while resembling 
rather the latter than the former. It is a calamity which 
no man expects, and one to be guarded against by the most 
strenuous means, The loss stated above, of one-half of 
one per cent. as incident to general business, includes not 
only the losses due to bad management and dishonesty, but 
also the failures occasioned by these very times of weak 
faith, against which this plan is directed. These being 
eliminated, the business losses of an electrical company 
could be reduced to a minimum ; and dividing these losses 
among the many would make them a burden to none, 
while conferring upon all the benefit of a practically in- 
creased capital of a credit money. 

In detail the plan should be to form among the elec- 
trical companies a mutual assurance society, each con 
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pany pledging individually its entire capital for the assur- 
ance of all accounts outstanding against any member, for 
which benefit a charge should be made, covering expenses 
through administration or losses, proportionate to either 
the capital involved or services rendered, 

The assurance of the account could be effected in one of 
three methods, either of which would require elaboration 
and further study. First, the association might issue a 
series of promissory notes, payable on demand, by means 
of which accounts could be settled, and which could be 
sold to various companies, whose notes could be taken in 
exchange; this would involve a possibly expensive admin- 
istration and considerable ready capital, besides being 
probably liable to a tax imposed by the government on a 
circulating medium. 

Second, the association might, without inquiry, insure 
all accounts, and be called upon only to adjust in case of 
failure. This would allow the greatest opportunity for dis- 
honesty, and make it extremely difficult for the association 
to ascertain at any time its liabilities, except by a compli- 
cated system of bookkeeping involving the rigid inspection 
of the books of the insuring companies. 

The third—which appeals to one as being the simplest 
plan—is that the association appear as an indorser on notes 
or an insurer for accounts when called upon to do so by 
any member, thus taking the position of a trust company. 
In the case of any one of the insured companies becoming 
involved, action should be taken by the association, de- 
pending upon the contingent circumstances ; in the case of 
a temporary embarrassment the notes should be paid to the 
holders on maturity, and the company carried by the asso- 
ciation till such a time as it could discharge its obligations, 
Were mismanagement apparent the association should 
have the power to enforce a more economical or honest ad- 
ministration ; or, if finally the business were found to be 
necessarily unprofitable, the creditors should be paid in full 
and the company be closed out for the benefit of the asso- 
ciation. Nosurrender of administration is contemplated 
here before such a time as the account could be shown to 
be in actual danger. 

The insurance of an account may seem on first consider- 
ation to be rather a startling innovation in business meth- 
ods, but I believe it to be based upon a firmer and more 
rational foundation than the insurance against loss either 
by fire or accident. Both of the latter are based upon a 
system of probabilities in which the insured expects his 
policy value to be greater than his premiums, and the suc- 
cess of the company proves it not to be true in the long 
run; the mutual insurance of an account, on the other 
hand, depends on the belief that all the accounts will be, 
in the main, stable, and that internal faith will induce a 
greater faith from the outside. 

The objection that it is a scheme of the weak companies 
to be supported by the strong, and that they who would offer 
the greatest stability would not enter it is answered in 
two ways: in the first place, as has already been said, the 
companies involved in the electrical businesses are in al- 
most no cases individual concerns, and, as stock companies, 
are subject to extraordinary effects of bad and expensive 
management and fluctuating of the market ; secondly, 
they are none of them so solid and stable as to be entirely 
removed from fear of depression, or need of funds for ex- 
tension. Again, the very principle involved is that, asa 
whole, there are no weak companies in the business, if only 
times of depression be avoided. 

To the objection that an unlimited liability company 
would be avoided by all, the same answers would be 
offered, with the addition of pointing to the Guarantee and 
Accident Lloyds of New York and Lloyds of England as 
stable examples of the application of the principle to ordi- 
nary insurance, 

The initial subscription of the small amount of a few 
thousand dollars by each insurer would be the capital 
needed, its only use being to meet imperative accounts, 
while the administration would be of the simplest, requir- 
ing a minimum staff of efficient men whose services would 
be called upon to adjust irregularities and issue insurance. 

This scheme is offered to the electrical fraternity, believ- 
ing that by it the best interests of both the electric light 
and railway companies and the supply houses will be pre- 
served, and that through it the electrical interests wiil not 
bea menace, but become a source of stability to the finances 
of the country. 

After the ideas brought out in this paper had been some- 
what severely criticised by Mr. A. J. DeCamp, the discus- 
sion was closed, and this was followed by the presentation 
of the 
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The report of the committee will be presented in two sections. 
Part first will treat of the subject of ‘The Dangers of Electricity,” 
growing out of the action taken at the twelfth convention on the 
paper presented on this subject by President Henry Morton, of the 
Stevens Institute of Technology. Part second will treat of the 
subject of “Standards of Economy in the Generation of Power,” 
growing out of the action taken at the twelfth convention on the 
paper presented on this subject by Mr. H. M. Swetland, editor of 
Power, New York. Mr. Swetiand has kindly consented to assist 
this committee by preparing this section of the report, and to 
present it in person. 

Conforming to the instructions given toit by the twelfth con- 
vention, two circulars of inquiry were prepared and sent out from 
the office of the association to all central station companies in the 
United States, for the purpose of collecting the statistics as desired 
These circulars will be printed in the appendix of the volume of 


proceedings for this convention. 
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Replies to the inquiries regarding personal injuries to workmen 
employed, by central station companies, have been received from 
213 companies. Of this number, 45 companies failed to state the 
number of workmen employed, but report no accidents; 168 com- 
panies’) employing 1,233 men report seven accidents. This re- 
port’covers the year 1890. It shows that in doing 369,900 days’ work 
but seven injuries occurred. None of these injuries were fatal. 

In the matter of fire losses, no data have been collected. Lam 
desirous, however, to lay before the association an extract from a 
report made recently by William McDevitt, chief inspector of the 
city of Philadelphia. It is as follows: 

‘*There are over 5,000 buildings in Philadelphia wherein electric 
currents are used for light and power purposes. Of this number 287 
buildings (7 of which are dwellings) have their own apparatus, the 
latter varying in size from a 20-light to one of 4,000 lights. The 
number of lights furnished by these private plants aggregates 
80,258 incandescent and 3,325 arc lights. One retail store contains 
$82 arc lights. 

** There are 15 public stations distributing electric currents to all 
sections of the city, furnishing thousands of lights and power to 
dwellings, churches and other classes of buildings. The number of 
lights supplied by these respective stations varies from the very 
small station furnishing 2,090 to the Edison, which furnishes over 
40,000 incandescent lights and current for a large number of 
motors. The electric motors in use are of a capacity ranging from 
\% to 30 h. p. (being used to a great extent as a substitute for 
laborious hand or foot power in dwellings and small workshops), 
and are being rapidly introduced as a more ready motor in place of 
steam and hydraulic power in propelling machinery. 

“All of the different systems of electric lighting invented are or 
have been given opportunity to operate their respective apparatus 
in our city, and, wherever consistent with safety, approvals were 
xiven for use in insured buildings. In innumerable instances, where 
no insurance was held on buildings, when electric lighting was in- 
troduced, contractors were required to install the work in accord- 
ance with the underwriters’ requirements and subject to the 
approval of the latter’s inspection. 

** No insurance loss occurred in any building in our city during 
the past year from fire where the cause could be in any way 
attributed to electric wires. 

‘**The education of the workmen in the new factor, and thesteady 
improvements made in materials and devices in electric appliances 
have materially lessened the danger in its introduction; but a like 
knowledge of the inherent danger in the use and handling of electric 
light appliances should be had with consumers or users. 

**Experience has proven that no perfect insulation can be main- 
tained with the customary method of installing electric wires, 
where either the conductors or the covering are exposed to me- 
chanical injury or deterioration from affecting influences that may 
arise, more especially when wires are concealed in inaccessible 
places.” 

In the matter of injuries to firemen from electric currents and 
fires caused by the same, from returns made to the United States 
Census Office from chiefs of fire departments the following state- 
ments are made: 


Total number of towns reporting............ccccccccccccccccece 367 
- regularly employed force..............seesee. 15,143 
ss enrolled volunteer force............ 5c Semen sh 35,510 
7 alarms calling out whole or part of force.... 30,352 
tires caused by electric currents............ j 363 
* injuries received while on duty............... 1, 303 


injuries received while on duty at fires caused 


We GRU ID CUOIIE «going ace ccescccs Seseceyes 26 
- injuries caused by electric currents........... 25 
” De I ees ens yk cus shamed adesecvaeses ss 55 
= fatal injuries caused by electric currents..... 1 
deaths from natural causes................... 338 

> towns in which firemen are supplied with 
printed rules for the prevention of injuries. 1 
- towns having an electric fire-alarm system.. 195 


The second part of the Report of the Committee on Data 
on the “Comparison of Economy in the Generation of 
Power,” as prepared and presented by Mr. Swetland, was 
as follows: 

The object of this work has been previously set forth in a very 
plain and comprehensive manner, but it may be briefly alluded to 
here not only to emphasize its importance, but to enlist the earnest 
co-operation of the members of this association. The committee 
have undertaken to record the actual cost in tons of coal of a 
definite amount of horse power actually delivered, /. ¢., work ac- 
tually performed represented by amount of electric current ac- 
tually delivered, recording the results obtained from all ordinary 
types of equipment in use for the generation of power, more espe- 
cially steam power; the idea being to show not only the difference 
between the results obtained from the more modern and complete 
installaticns and those less favored in equipment, but to record the 
varying results obtained from each special type of equipment under 
different management, making the comparison of coal with coal, 
boiler with boiler, engine with engine, type with type and appli- 
ance with appliance. 

These records will enable the manager of an electric plant having 
an ordinary equipment to compare his results with those plants 
operated under exactly similar conditions. To this end the follow- 
ing inquiry circular was sent toall these central] stations in the 
United States: 


1.—Name of Company. 
2.—Full address. 
3.—If a lighting station give lamps in use : 
Number Incandescent. 
Number Full Arc. 
Number Half Arc. 
41.—If not a lighting station, give character of business. 


FUEL. 
5.— What kind and grade of fuel do you use, giving what percent- 
age of ash ? 
FIRING. 


6.—Is your fire done by hand or stoker ? 

7.—W hat kind of grates do you use ? 

&.—What is the amount of draft in inches of water ? 

9.—Do you use forced or natural draft ? 

10. —Do you use the automatic damper regulator ? 

FEED-WATER. 

11.—Temperature, 

12.—Is the water free from scaleforming subtances ? 

13—If not, what means do you use to prevent the formation of 
scale ? 

14.—Do you use a feed-water heater or an economizer ? 

15.—Is your feed-water handled by steam, power pump and injec- 
tor, or pressure from city mains ? 

16.—What is the style of your boilsrs—horizontal, upright, tubular 
or water tube boiler, or any other special] design? 

17.—Do you use any special setting? 

18.—What per cent, of entrained water do you get with the steam 
used, 


Vou. XVII. No. 9, 


19.—How many pounds of water do you evaporate per pound of 
coal ? 
ENGINES. 


20,—What type of engines do you use, throttle or automatic gov. 


ernor? 
21.—If automatic, do you -use Corliss or shaft governor, or some 
special type? 
22.—Are you running compound, triple or quadruple expansion?! 
23.—Do you run condensing or non-condensing! 
24.—If compound, is the style cross compound or tandem, and are 
receivers used between the cylinders? 
25.—Does your engine run full load, or what part of full load are 
you developing? 
26.— W hat speed do you run? 
Revolutions per minute. 
Piston feet per minute. 
27.—How many pounds of steam (water) do you use per indicated 
H. P. per hour? 


TRANSMISSION. 


28.—Do you transmit power to dynamos direct, or do you use 
countershafts? 
RESULTS. 


29.—What is the nominal capacity of your boiler plant? 

30.—What is the nominal capacity of your engine? 

31,—How much coal do you use in 24 hours? 

32.—-How many hours do you run out of the 24? 

33.—W hat is your average indicated H. P. during this run? 

34.—W hat is the average brake or net H. P. delivered by the en 
gine? 

35.—W hat is the average electric H. P. per hour? 

36.—How many pounds of coal per indicated H. P. per hour? 

37.—How much coal per electric H. P. per hour? 

As will be seen, the questions asked are for definite data; first, as 
to equipment, and, second, for information regarding the time and 
amount of fuel required to generate a definite amount of horse 
power. 

The call has been responded to liberally by the different com 
panies, something over four bundred returns having been received 
up to date, from which the foundation of this work has been fairly 
started, and the compilation of data received has been commenced. 

Arrangements have also been made to obtain data relative to the 
economic generation of power in other branches of manufacturing 
Results obtained in the engine room of the cotton mill, the rolling 
mill, and various other industries, together with their special 
equipment, will be recorded for the benefit of comparison with the 
results obtained from similar equipment in electric lighting. Five 
hundred circulars to leading manufacturers have brought out a 
ready response, and we must confess these returns show an elabora- 
tion of detail and a conciseness of calculation which prove that the 
question of economy in the generation of power is not a new one to 
manufacturers. . 

The returns from the central stations are the best evidence that 
could be offered as an argumentin favor of this work, for while 
many of the returns are complete, proving that a faithful record of 
the cost of the required power is at the disposal of the manager, a 
larger number of them report no tests made or no records kept. 
and in several instances the whole quota of questions was an 
swered by the very expressive and comprehensive statement ‘* never 
mind the cost of power, we are paying dividends.” Those sending 
complete reports often accompanied the returns with a letter of in 
quiry as to what others were doing with a similar equipment ; ex 
pressing marked interest in the work of the committee and asking 
for a report when completed, and we predict that future reports 
from a‘‘nodata but dividend paying” element of these returns 
willin the near future withdraw their statement regarding divi 
dends, and report themselves as doing less business or out of busi 
ness, having failed to meet successfully the competition of the 
manager who knows what power costs and sells electric current at 
a fair margin of profit on that basis. 

In a very few instances only were all the questions in the circu 
lar answered. The evaporation of water per pound of coal was 
stated in only 21 reports. Ina less number of instances was the 
percentage of entrained weter stated,,and the question relative to 
the number of pounds of steam used per horse power was often 
considered altogether too intricate and far-reaching. 

Now, while answers to these questions are imperative to suc 
cessfully compare appliance with appliance—all those reports whicli 
gave work performed and fuel actually consumed were useful and 
formed the basis of a good beginning. The main idea of the inquiry 
circular was, however, often lost sight of or ignored and the ques- 
tion of the amount of coal used or its reciprocal question relative 
to the work performed left unanswered, while nearly all the others 
were answered in full. However,as has been stated, sufficient 
data have been received to furnish the foundation of this work, and 
more than enough to satisfy the most sceptical of the absolute ne 
cessity of these records. 

If the business of electric lighting is to be successfully conducted, 
a fair basis of first cost of power must be made the basis of charge 
for the service rendered, and if 1 h. p. can be generated for one hour 
by burning one and one-half pounds of coal the consumer of electric 
light will not long be satisfied to pay a profit to that electric plant 
whose management is satisfied to burn 10 pounds of fuel for this 
same horse power. 

The reports received in many instances show evident haste in 
preparation, but, as received, they convey a record of expenditure 
for fuel varying to the extreme mentioned above. A large number 
of plants are reported as burning from 8 to 10 pounds of coal per 
horse power per hour; very few even with the modern equipment 
of higher expansion and condensing engines were able to show 4 
record below three pounds of coal per horse power, while other 
equipments of the same class report an equivalent duty with 
one-half of the expenditure of fuel. 

As the inquiry circulars have only been in the hands of the differ- 
ent companies a few days, a large percentage of them have not yel 
reached the handsof the committee. It has been impossible in this 
short space of time to issue a complete report in time for this con 
vention. If the work can be continued until the next convention. 
the committee feel confident of being able to place inthe hands of 
the members of this association a report which will be of special 
value. 

The tabulated summary of the reports received is given on the 
following page. 

Owing to the lack of time the following paper was read 
by title only: 

ELECTRIC LIGHT WIRING INSTALLATIONS FROM A MECHANI- 
CAL STANDPOINT, 
By Augustus Noll. 

The question is frequently asked by architects and 
owners of buildings, ‘‘ Can electric lights be installed with 
safety from fire, and will the installation give results that 
are satisfactory and permanent?” 

The improvements made recently in materials and 
methods admit of answering in the affirmative, 
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so iN bud da Kbds vdedevedy Soft. 131) owing. Hor. Tub. |.... be Oe .-  Weiv cadets 270 Full 70 #16 30 1,200 | 3,000 | 9.7 
GB IBDICMAPIOCESBVINNC...... cccccccccccssccccceces Soft. Heater. Pure. | Hor. Tab. ji... Aut. non-cond,. 310 ee. loetees 12 Half 25 900 6,000 |... 
“131, Ns 6 icicnleen Sos Geoninese idee es ri eaRMabe éie2ees 120° B. C. Hor. tub. DUS. CONES. le vcacces 174 Full 140 1816 120 700 6,000 | 216 
a | 22) Sooke EMGebebecs reads: * be0wseeddoes Soft. 225° B. C. Hor. tub Aut. non-cond. | ....... 3.0 4 45 110°" 6 750 1.640 | 4 
a |23) Southbridge..............6..ceeeeeeee eee Soft. Heater Pure. Hor. tub Aut. non-cond. |........ | Full 17 90 500 | 3,500 
24 a a2:060, 605555 050 be nd 64 0 b04000k8 4% Soft. 160° _ Pure. Hor. tub me MO Nh sccnees 134) Full 100 «613 Half 72 2,200 | 3,500 | 3 
G@ |Z5|CHMEOM...... 2-0 -crceee woes cesevceececs Soft. Heater Some scale. Hor. tub. Aut. non-cond. |........ BE icodsaness 50 + 6 Half 60 400 | 1,400 | 4% 
a 26\F reehold Me opu sus euerueesss es eyepceenenuets Pea, 198° Soda ash. Hor, tub. tes Aut. non-cond. 80 270; Full de Ce Se oreiaee 450 1,000 | 614 
a 27) W ias oh:ss 00s a0subuisedeets vesins Soft and slack. | 209° Pure. Hor. tub. 84 Aut. non-cond. |........ «9 eee a ee 2,000 3,000 | 7 
NEIL ¢ 65's co cevnsssdas s ssvvvscens Soft and coke. | Heater. Pure. Hor. tub. aad Aut. non-cond |........ Stl ” Teesces 8 100 & 1,000 | 
CO ee Cee eee Soft. Heater. Kerosene, | Hor. tub. Aut. non-cond, |..,..... 152 % ee ets ae 800 2.700 : 
A vehaves bevscxeeseieees chante Dust. _ Injector. B. C. Hor. tub. Automatic. |....... cet We. by cme 13 40 500 | 8,000 | 
a 31 — SNE 65 V20-5s iets oe BPdecuctetivoess Slack. MOC UR, hin sc i vnsbeaeeesl anes Hor, tub Automatic. —..... 200 | Wull. (/...... 12 29 250 6,000 |" 
igs orny's hd 6 4.05 Ske a raeeveceusivaves.s Slack. 210° B. C. Hor. tub. 5 Automatic. 1265 Th, > de osars 15 13 700 | 13,000 | 8 
33 Springside Meee ca maG ues ae ee aa an dae cd cot Slack. Cold. Oil. Hor. tub. Evel Automatic. |....... (275 | Full. RSM es oc com cies 650 8,000 |12 
NE Brae cca cindos Came eke cause see Ss Coal. Heater. eo. Hor. tub. at Aut. non-cond. |... .... 250 Full. 55 | 6 OS: .~ | ves ae bebmiees 3.91 
@ |85| Mattoon. .............. cccsssesseeeeeeess Slack. 180° Pure. Hor. tub. |.... Aut. noo-cond. |........ |220 Me be ened 13 80 650 | 8,000 |. 
IGT EN ws. 9 0.05050 wadcneh’ vos basceeyhe Nut. Heater. Pure. Hor. tub Aut. non-cond. |........ 285 % .. {13 75 : 5,000 | | 
a \37|\Horne.......... bon eae as év% Sievbacieaenas Lameteeanodee Heater. Soda. Hor. tub Automatic. - |........| 280 | Full 50 | 7 15 200 | 9,000 | 5 
IE aes. occu org sies. die vende os 1toSCke eae aaron Heater. Coal oil Hor. tub. Aut. non-cond. |........ ee Be ORL cia grass am vecbig 1,250 4,000 | 4 
OF IE in 5 6 oc dsc cect ceccniiveeccste R. M. coal 100° Pure. Hor. tub. Aut. non-cond. | 100 100 j13 "|...... 1,500 | 3,000 | 3 
We ac iiys ose so oi0 cadets uees nate Pea. Heater. Pure. Hor. tub. Deca —S—~—«s gc ec we |300 Full SS Aatede sy tethadagieat ecb 750 | 2,600 | 
NE gis 8a gs ods i hes vest ¥ehsedclcas o& Crumb and brick 185° Soda ash. Hor. tub. 9 Aut. cond. vebeswl — ll a ae 24 300 2,600 | 32,000 12°10 
42) och. MI, coo ne oc onic $ciu yk. eae eee ton Se 210° Pure. Hor. tub. 916 Aut. cond. ek oan 128 Full. 200 (13 121 1,521 | 5,700 \2 10 
I Berea ed en. oe doe kee Slack. 200° Pure. Hor. tub. Tot. Automatic. |........ |275 6 RE eR 500 | 3,000 |°g 
NE Sain oe coins Ses basseuee des esses Pea ape coke. Almost boiling. Pure. Hor. tub. Aut. con-cond. |........ 375 | 26H. P.| 26 | 8 30 couhigts 1) ee ee 
I Ohne n't o 0% ce Gee WV ood. 170° Pure. Hor. tub. Re. hv cocowe |350 Wee . isenas Reicks eenes ts ted 500 | 150 ft. 
a 46|Burlington, Kansas...................... Many kinds. 165° Scale; noremedy,| Hor. tub. Sc Ss eS Nga cok 210 % 18 | 6% 15 Tiss cas-we 
@ 47) Rockford ........ ..- ssrececsescoceereees Il. lump. 212° | B: C. Hor. tub. 8 Aut. non-cond. §___..... eee oe occlewee 24 100 FOOD ANvisscces 
We ooce i pais 0G em ans cceks tae koi Wood. 212: Pure. Hor. tub. ....| Aut. non-cond. SU ioe oi ke ete EE 4. A Renn OP Re ceed a od ate 
49) EN Saco ss cshecaedassctnses cactenes Soft slack. 164° Pure. Hor. tub. 8.42 Aut. cond. 17 |372 Be eas 24 | 214 BONO bis oh cs 
NI cin <\w's Yan davies eeu esysrvexier’ 6s Wood. 200° Pure. Hor. tub. .... Aut. non cond. 34 1255 «=F ull. BT 5 hte 1,600 3 cords]. ||| 
I ei, <kahai sic deen wis wxcvadces Hard wood. «he ea Pure. Hor. tub. Aut. non-cond, | ........ 275 70% We Rs cocices 1,400 |S * |... 
Dean gt Uses tute Sa ve ca ee SFA oO T Gumus ibewe ue Nearly boiling. Pure. Hor. tub. ee Gees hee. sxe 325 4 Oh Thee on ce cos chabarenen 3,000 | 6 
lia gata he i ee pte Pea. Heater. Pure. Hor. tub. Aut. non-cond. |........ 5 ae Me isis 491 | 2,100 | 5 
GMI coos bance scree nockcexe oc S emcees Pea. 210° B. C. Hor. tub. Ae Aut. non-cond. {| ...... 185 Fal. feveses a ee ee 900 6,000 
a 55 MEE Ser sae aie ak baie sa teens Soft 110 | Pure. Hor.tub. | 9 Aut. non-cond. |,....... 265 0 a eee 16 { Full a 2,174 | 12,000 
MMMIMMD p's 93 sncic nese revesecdsseecues ces’ RRR PS oes Nee os mere B.C. Hor. tub. Throttle non-cond. |........ 320 Wee licsess 13% 22 700 = 4,000 
0 SRE as errr Pea. 197° Pure. Hor. tub. | 7 Aut. non-cond. |,....... 220 BOE heiokee 15 Half 210 2.100 |. 15,000 
CE Ai oionsc s 6% aks saGl oes tinsn desees< Soft. 212° Pure. Hor. tub: |.... Automatic. SoM Bich ey 125 \13 112 1,300 | 4,500 |°3 °° 
a 59 Melville De Th ales a SOS ocean ardor e Ske Soft 212° Pure. Hor. tub. awe Aut. non-cond. | ....... 302 a eee 9 ae 93 36; 1,750}... 
OE nds ratmnncyoakye de, tes) e26sn0 Slack. 150: Pure. Hor. tub. phe Aut. non-cond. Seen nce DO leanne 7 140 2,500 
EI fesn nes ccccaNevecskcrusodscecsdics Nut slack. 180° B.C. Hor. tub. at Aut. non-cond. |..... +. |240 % 165 14 "4 1.600 | 10,000 “44 
A rr re Nut slack. 160° Kerosene. Hor. tub. Kent Aut, non-cond. |,....... 102 | Full | 65 ,12 40 750 6,000 | 5l6 
CP MRE, Secs ccnacee csctenccecsce : Nut slack. 180° Scale; no remedy. Hor. tub. 5 | Aut. non-cond. 35 (240! Full | 95 ‘16 65 3,315 | 14,869 | 8 
eI vs oc casas .¥cieeh an scen sans Pocahontas. 200° Kerosene. Hor. tub. Laie} Aut. non-cond. |........ 250 | 3 30 (13% { bad 2 | 125 | 3,300 | 8 
I oicacas <a vaxeupia> vivene Els Slack. Coil. Pure. Hor. tub. |.... Ballcomp. _ie........ 1296 Mis Ved cg, RO 400 | 15,000 |... 
 eictviidnaas cecnesenedvacnst .| Soft. 150 Pure. | Hor.tub. | 6 Aut. cond. 30 (2066; Full | 9 21 43 1,000 4,200 4.9 
RN ais io hei nicina aint slva up's vipwnigicsaies Soft. 190° B.C. | Hor.tub. |.... Aut.cond. |... ... (275 ee  Geadeus 6 31 265 3 000 
RMEMECOMs 65505 c00scwervcerss s¥e>nces's Soft, eqke. 112 Heater. | Hor. tub. ay Automatic.  |........ 260 | i ae 9 eer OO lh cnideons 2,250 |. °°" 
CT oii vce cose. shah wonawes’enies Slack. 150° B.C. | Hor. tub. (10 Aut. non-cond. |........ i a RE: : ie nein Se 1,200 8,000 
Ns a cicicc ciia na oaieda Waveuwans en Ind. block. 216 B. C. | Hor. tub. 10 Aut. non-cond. |........ 260 % 9 10 ba = } ivecesert Guess 
eis eidincnd sacle a ky e tix aaseesacalrensen osseaegncessss 185° B.C, | Hor.tub. |.... Aut. non-cond. |........ 240; % | 38 10%)..... ; 300 | 1,600 | 4% 
@ |72| Poughkeopele.... .. ..........-.-.0000e- Pea 205 B.C. | Hor.tub. |....! Aut. non-cond. 285| Full |...... 1434, { Full 3} 1,350 | 14,200 
aie on aes. 05-055 sevececs es Pea 204 Pure. | Hor.tub. |.... Aut. non-cond. |........ 320 4 Be Re. 903 eceee cess 1,050 | 3,500 |... 
a 74 Gain he Re ene A Soft. 212 oo. Mos. tab. |.... Ant, non-cond. | ....... Re ee eae 12 40 300 =—-6 000 | 71% 
OEM access su) vcnses svebers ovens Coal. 208 B. C. Hor. tub. alae Aut. non-cond. |........ 225 Full 100 6% ae es Koss 3.000 | 5 
PU EOUMIUMONN ss vier 0 cc seevndssy 202s 200cde Slack 212° Pure. Hor. tub. Throttle non-cond. | .. ..../350 Full a See 500 | 2,500 «4.8 
a7 EE re Culm 212° Pure. Upright. Automatic. oe Full ie (Mee 0, An ea cuees 450 4,000 5 
WI os, an nce ceed ncase o> easese cane Nut. 1% Pure. Hor. tub. ore Aut. non-cond. |........ 250, Full 50 | 7 51 ey a 
IIE. So nw'e'b wse'n'k0en 60" Waweveve® Slack 50 Pure. Hor. tub. 5 Aut. cond 90 = ='270 ty 90 | 8 67 500 6,000 8 
GI isan: dc es per anes 25 5558s4e000Ks Soft and scre’ni'gs 200 Pure. Loco. ee Aut. non-cond. .. oe e) Cited es 6 Half 195 |........| 4,000 
a 81 Laramie.......... a RE fa ia Soft slack. 189° Pet. Hor. tub. 84 Aut. non-cond. |........ 270 | ‘ 200 (12 175 3,065 | 10.000 714 
OR iinnnks. sonic o¥-se005' ands ooecex Soft. Heater. Pure. Hor.tub. |..... Aut.mnon-cond. |........ 280 | Full 60 | 7 Half 15 500 1,500 4 
eI a Fea inne se 60s inch nes epnga 7 Wood. 112° Pure. Hor. tub. Corliss cond. RT | See Oe Te oo yeaa a 3,000 | 4,000 gi 
GR EO TEREE 25 5s pension sews cnsicvceseseces Coal. 212 Pure. | Har. tub. Aut. non-cond. Joes wee. 1130 | Full 125 9 34 | TS GORE 2 
EAU Shien: 085m 64:0 4.0 Wpis b9iam SA acide oexeas . | Slack, nut, pea. 210 Potatoes. | Hor. tub. Aut. non-cond.: |....... et a ee Sah ee D teveciecseavey 450} 1,750) -° 
EEE LOE EEE TE ee Slack 80 Coil oil. Shell. ee Aut. non-cond. ba ney Sa ly eee Ce eee 120 | 20,000 2.75 
RR ag asec ine ae Cheet Indiana. 135 B.C. Hor. tub. 7% Aut. cond. 17. 136; Full | 750 (24 { en 560 \ 1,300 | 70,000 3.8 
A Re ahh an sea aercdes sis Yaskiaies | eft. 200 B.C. Hor. tub. foe eg ee eee 24 460 3,000 29,000. 
a \89 Osceola Mills......... .. Pedi eteas Sous Slack. 175 Chan. | Hor.tub. |.... Aut. non-cond. eee Full "gt! ED CRE rere” 1,200 | 6,000 61% 
Ch nas va ncmaleu einanevnsanewa% Coal. 205 BC. Hor. tub. ee Aut. non-cond. 30 0=— 266 le 43 | 5 23 200 1,500 7 ~ 
Oh TEIN os o's van us oo uns ecnccene ceeensne Pea. 216 B. ©. Hor. tub. 9 Aut. non-cond. 27 =—(|135 Full 750 (16 600 800 , 30,000 3 
eS te Re ee od ole to Domestic. 91 Pure. ' Hor. tub. 59 Aut. cond. 17% | 85) 10 A Re eee re ee aida gL 
a ot gd Pea. 200 Kerosene. Hor. tub. eae Aut. cond. ée-eeeej200 | Full. | 130 (24 70 ; 2,000 14,000 5 , 
a 94 Beaver a Soft. 150 Black oil. Hor. tub. 10 9 Aut, non-cond. ec aee 300 | de ae Tiilsc cy were ten. | 1,000 4,000 
a 9% New No Soft. 200 Filter. Hor. tub. Boras Aut, non-cond. 60 180 60 11 40 | 450 1,750 26 
Of ET iets ekg acter ecatekan. Pea. 190° Pure. Hor. tub. | Aut. non-cond. 50 215 Full. 350 «16 330 1,390 25,000 4 
S7iCumbridweport...........ccecseccccess : Soft. 20%° B. C. | Hor. tub. .... Aut. cond. Sr: we. eee 24 { = \| 5,000" | 40 000 |, 
Ee ee cere Soft. fleater. ~ Pure. | Hor. tub. Aut. non-cond. Noche aee oo | Poll. 1... 14 40 900 6,500. 
S Rh aae oN acess ctaneheawantha Wood Heater. Pure. | Hor. tub. Aut. non-cond. TRE eR es exe cae 150 | 2 93 wae is eet 
| | 
NON-ELECTRIC COMPANIES. 
| | 
NAmerioan TAnen 00... «06 6sessssssicesscses Soft. 210 Pure. Hor. tub. 1 (|e j Aut. cond. -|100 | Varies. |..... a lkiehaasentanmalans ois 
ON SE er eee Pea, dust. ee ( Aeepdnienases ows Hor. tub. |....| Throttle non-cond. Ost wee. (...., RRR. F ~sesel 000 
SED ne cece dektyevnate'es es Pea, dust, slack. 212 Pure. | Hor tub. (6.41 Corliss. 3.6 72 | v4 SII Poo huss decks 15,680 
SNR a. vn Patinwion ssX sabe nipapedesde Pea. 20 Purifier. Water tube. |....| Harris Corliss. |........ 70 | Full, Se Daca ial = th ie 44 12,000... 
es a ia cick win daenns oa kawkad Hard, soft. 199 Pure. Hor. tub. (9.14 Aut. part. cond. 26.69 | 54 % Se is caucus ccatenee ..| 19,800 2.92 
6 TIE Tr ts a Soft gleanings. 150 - Pure. Hor. tub. |.... ee ee, Ne oc wsene 125 | % SRE Be oe aie ins Sa aGhe : .-| 1,000 | 2% 
TIPEPMOMER CORGRRO.. .5..ccccccocccccccccs Pea, dust. 157 Pure. Hor. tub. (|8% Aut. cond. 144 (554) Full. (1,140 (10 | .......... 30,000 2 
Ree ee ae ae | Coalshavings. 212 B.C Hor. tub. ig Corliss cond. 20 68 | 4 220 |10 Do dias 2st ee ee : 
aos ange vay Nut, slack. 200 Scale; noremedy. | Upright tub. | 1 Corliss aut. = |, nceeeee 50 BN eee Eee ae ee 10,50 25% 


Nearly all the troubles in electric lighting plants have 
been caused by defective wiring, and on that part of the 
lighting system, more than on any other, depends the suc- 
cess of future service. 

lt may not be amiss to compare the early date of thé art 
of electric light wiring with the present and the probable 
future advancement in the methods of installation. 

In the early days of electric lighting a wire, covered 
with cotton and saturated with parafhne, was used; this 
in a short time was replaced by a wire’covéred with cotton 
and white lead, known as ‘‘ Underwriters’ Wire.” The in- 
Sulation was supposed to be fire proof, and on that account 
decreased the chances of fire. While the insulation was 
non-inflammable, it also readily absorbed moisture, which 
Caused excessive leakage and some incipient fire. A few 
Carefully conducted tests and experiments proved that 
“protection against moisture was prevention of fire;” and 
henceforth a moisture-proof wire was demanded, and the 
manufacturers in that line now offer us such high grade 
cane as ‘‘Grimshaw White Core,” ‘* Okonite,” and 
Others, 


Improvements in the method of installing the wires were 
also made; formerly buildings in the course of erection 
were equipped with the fire proof insulated wire incased 
in wood molding, or inserted in zinc or lead tubes, but 
with the appearance of the moisture-proof insulated wire 
the former insulation was discarded for the latter, and 
instead of inserting the wire in zinc and lead tubes it was 
fastened directly to the side walls and ceilings, and covered 
by plaster. The cut-outs and switches are now mounted 
on porcelain and slate, instead of wood, as formerly 
More attention was given to the equalization of electrical 
pressure on conductors. 

While these changes helped to improve the work, it was 
still a matter of chance that wires placed in a new build- 
ing and imbedded in plaster gave satisfactory results; con- 
ditions that could not be controlled increased the difficul- 
ties. A cut from the plasterer’s trowel or a blow from a 
hammer on the insulation destroyed its utility; and, though 
the wires may be tested, the fault, in some cases, would 
not appear till the building was completed, when, to 
remedy the defect, it was necessary to cut the plaster to 


obtain access to the wires, or discard the faulty circuits and 
rewire on the surface of the plaster, in either case disfigur- 
ing the walls and causing extreme annoyance. Again, 
should changes be contemplated in the wiring, such as an 
increase of lights on different outlets, or a change to a 
lighting system where lamps of a lower voltage are used, 
we were once more confronted by work that was totally in- 
accessible, and, to make the changes required, were forced 
to have recourse to the same expedients as stated before, 
and with the same results. 

Although wiring installations gave better results than 
formerly, there was yet a large field for improvement; 
access to the conductors became absolutely necessary for 
controlling the system, making changes and rectifying 
defects which may occur after the work is finished and the 
building completed, and to do so without cutting or de- 
facing the walls, or interfering with the other portion of 
the lighting system. 

It is evident that as long as the conductors are in- 
accessible, just so long will the results be uncertain; and 
as it is our aim to eliminate the objectionable features, and 
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secure a wiring system that possesses accessibility and 
freedom from fire ani leakage, the question is, ‘* What is 
necessary?” TowhichI reply: A high grade moisture- 
proof insulated wire, together with a system of ‘‘raceways” 
or conduits, and a complete line of “ fishing” or junction 
boxes. 

The conduits should be of ample size, with smooth inner 
surface, so that wires can be easily inserted or withdrawn; 
they should be constructed of materials that will not stain 
nor exude through plaster or paint, and should be non- 
combustible and moisture proof; the action of lime or ce- 
ment, or extreme variations of temperature, should have 
no effect. 

The “fishing” or junction boxes should be equipped 
with shoulders or sockets for the entrance of the tubes, 
thereby making them a part of the conduit system, and 
preserving the continuity which is so essential in a system 
of this kind, and also enabling us to make the joints moist- 
ure proof. 

All cut-outs when single or in groups should be located 
in the junction boxes. 

The conduits should be installed in a workmanlike man- 
ner; they should not be run or looped from one outlet to 
another, but branches should led to each outlet from the 
main conduit carrying the wire for that circuit, and at right 
angles with the same. At the intersection of the branch 
and main conduits a “ fishing” box should be placed. The 
main conduits may be located in the cornice near the ceil- 
ing or behind the baseboard at the floor, with the cover of 
the junction box flush with the surface, thus keeping them 
out of sight and at the same time easy of access. The loca- 
tion of the conduits should be uniform on the different 
floors throughout the building. 

An extra covering of metal should be placed on the con- 
duits at the outlets, to keep them securely fastened to the 
wall, protect the ends and take off the strain when insert- 
ing or withdrawing wires. 

With a proper conduit and a complete system of junc- 
tion boxes, it becomes unnecessary to insert a single wire 
(with the exception of the main feeders) until after the 
installation of conduits is complete and the building fin- 
ished; the insertion of strings or drawing lines is equally 
unnecessary, for, should the string or wire break near the 
middle of its length, that circuit would be as inaccessible 
as though it was imbedded directly in the plaster. 

The main wires can be inserted in the conduits at the 
time of installing the same, and placed in recessesin the 
walls, the cover of the recess to be detachable. 

In hotels, apartment houses, office buildings and other 
structures used for similar purposes the largest part of the 
wires and conduits, together with the cut-outs and junction 
boxes, can be located in the halls, so that in case of alter- 
ations or additions being required, the occupants of the 
rooms will not be annoyed 

Considering the advantages a wiring system of this kind 
p2s3es3es over previous methods, a comparison in cost will 
be favorable to the conduit system. 

The indefinite manner in which electric light wires are 
sometimes installed has often placed the owner of a build- 
ing who contemplates changes at the mercy of the com- 
pany or contractors under whose supervision the work was 
installed. They in turn delegate the foreman who had 
charge of the work in that particular building to attend to 
the changes required, and he usually tries to obtain the 
services of some of the wiremen who worked on the in- 
stallation, because ** they know where the wires lay.” 

It is apparent that the employment of a complete con- 
duit system obviates these troubles, and also that, instead 
of equipping a building with a wiring system suitable only 
for a special company’s system of lighting, it can be fitted 
with conduits for electric lighting, regardless of system, 
and, in fact, similar to piping the building for gas; and 
should a change in system be desired in the future where 
lamps of a lower voltage are used, the change can be made 
without cutting or defacing the walls, and at a nominal 
cost, whereas, should this change be required in a building 
where the wires are imbedded in plaster, it would practi 
cally necessitate the rewiring of the entire plant, and at a 
cost at least equal to that of the original work. 

While a conduit of good insulation is necessary, it 
should not be regarded as extra insulation or protection, 
to an extent where the insulation directly on the wire is 
decreased; it should only be treated as a medium to ac- 
cessibility. 

‘‘ Prevention is better than cure,” and for that reason 
only one wire should be placed ina conduit. Although 
the fusible metal cut-out will usually break the circuit in 
case of a “cross,” still itis safer to guard against any 
formation of this nature by placing each wire in a sepa- 
rate tube than to invite it by insufficiently insulated wire 
or inserting wires of different polarity in the same tube, 

Only the best is good enough, and will in the end be the 
cheapest for all branches of electric lighting. 

The co-operation of architects is not only desirable but 
necessary for the future advancement of electric light in- 
stallation work, and to their credit be it said that they are 
ever ready to extend their help; already have their sug- 
gestions been of value to us, and should the necessity of 
securing separate recesses be explained, they will, without 
doubt, make provision for the work similar to that made 
for gas, steam and water pipes. 

President Marsden J. Perry, chairman of the Commit- 
fee on World's Columbian Fair, reported that he had com- 
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municated with the Director-General Davis tendering to 
the fair commissioners the assistance of the association 
and that he had received a reply thanking the asscciation 
and stating that the communication had been placed on 
file, and that as soon as the project had reached the proper 
point he would confer with the association. 

On a motion introduced by Mr Ralph W. Pope, the pub- 
lishers and staffs of the Providence dailies were thanked 
for the complete reports of the convention that were 
printed from day to day. 

An adjournment was then taken until 4 o’clock P. M. 





In the afternoon the association convened in executive 
session and elected the following officers: President, C. 
R. Huntley, Buffalo,.N. Y.; first vice-president, J. I. Ayer, 
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CHAS. A. BROWN. 


St. Louis, Mo.; second vice-president, M.J. Francisco, 
Rutland, Vt.; executive committee, John A. Seely, New 
York; E. F. Peck, Brooklyn; C. R. Faben, Toledo; A. J. 
DeCamp, Philadelphia; A. J. Corriveau, Montreal; H. H. 
Fairbanks, Worcester; A. M. Robertson, Minneapolis; 
E. W. Rollins, Denver; J. J. Burleigh, Camden, N, J. 

The selection of a place tor the next meeting resulted in 


- 


oe 





FRANKLIN S. TERRY, 


the choice of Montreal. The president will appoint a com- 
mittee of three to revise the censtitution and by-laws. The 
convention then adjourned to meet at such time as the ex- 
ecutive committee should appoint for the Montreal gather- 
ing. 


Two Representative Western Members. 





MR. CHARLES A. BROWN, 

Among the pioneers whose untiring energy has aided in 
advancing the association to its present high standing is Mr. 
Charles A. Brown, manager of the Western Electric Com- 
pany,of Chicago,who was chairman of the preliminary meet- 
ings at which the various committees were appointed prior 
to the formal organization of the National Electric Light 
Association. When the delegates assembled in convention in 
the Grand Pacific Hotel in Chicago, on Feb, 25, 1885, Mr. 
Brown presented to President Morrison a gavel represent- 
ing the commutator of a dynamo, and said; ‘*] trust that 
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the convention in its deliberations will have ascohesive 
a number of segments’” 

Mr. Brown was born in 1858 ina country village near 
Rochester, N. Y., where he lived till sixteen, when he 
entered the University of Rochester, from which he 
graduated after a four years’ course. One year of that 
time was spent in teaching, yet, despite this inter: uption 
in his studies, Mr. Brown graduated as second in his class, 
and also won the Townsend scholarship, a prize awarded 
for special examination in French and German works on 
political economy ard constitutional law. Later on Mr. 
Brown received the degree of Master of Arts from the 
University of Rochester, and was made a member of the 
Phi Beta Kappa fraternity. Immediately after leaving 
college Mr. Brown entered the service of the Western 
Electric Manufacturing Company as assistant book-keeper, 
and since then has been continuously engaged with that 
company and its successor, the Western Electric Com- 
pany, as bookkeeper, cashier and manager. 

In 1899 Mr. Brown graduated from the Chicago College 
of Law with the degree of LL.B., and winning first prize 
for scholarship, and is now vice-president of the board of 
trustess of the college. Mr. Brown is a prominent member 
of the Union League Club and the famous La Salle Club, 
as well as the Chicago Electric Club, which he helped to or- 
ganize, and of which he was the first vice-president and one 
of its most active workers, allowing nothing to take pre- 
cedence over its interests. 

An active and energetic worker, blessed with a powerful 
physique and the best of health, with a host of friends 
among the successful men in both the legal and the electri- 
cal professions, who admire his honorable record, Mr. 
Brown enters on the prime of life with a happy, prosper- 
ous and enviable career before him. 


MR. FRANKLIN 8S. TERRY. 


Mr. Franklin S. Terry, whose interesting remarks at the 
Providence meeting on the formation and early history of 
the National Electric Light Association appear elsewhere, 
was bornin Ansonia, Conn., in 1862, and, after passing 
through the High School, expected to have followed the pro. 
fession of his father, who was a prominent physician. But 
fate decreed otherwise, and in 1880 he entered the employ 
of The Electrical Supply Company at its factory in An- 
sonia, where he showed such special aptitude for a mer- 
cantile life that after four years’ experience he was sent to 
Chicago to organize a Western depot of supplies, that he has 
since made famous through the care and originality 
displayed in his successful method of advertising, and in 
the preparation of circulars that have proven so sati:fac- 
tory and of such assistance to the central station manager. 
Mr. Terry rendered valuable aid in forming the National 
Electric Light Association, and is also one of the charter 
members of the Chicago Electric Club, and has always 
been its treasurer. In 1886 he married Miss Grace Downes, 
of Birmingham, Conn. Mrs. Terry and thefr charming 
daughter, Jean, accompanied Mr. Terry on his trip east, 
and will make an extended southern trip through the 
South before returning home. 
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The Exhibits. 


The exhibits of electrical supplies and appliances shown in 
Union Hall, Providence, at the commemoration of the decen- 
nial of the commercial use of electricity were of the highest 
order, and awakened a general interest among all the visitors 
that reflected great credit on the companies, or the indi- 
vidual exhibitors, who spared neither labor nor expense in 
making that section of the Convention an entire success. 

The formal opening of the Exhibition Hall occurred at eight 
o'clock on Tuesday evening, when Gen. C, H. Barney, chair- 
man of the Committee on Exhibits and Transportation, 
called the audience to order, and introduced the president of 
the National Electric Light Association, Mr. Marsden J. 
Perry, who, in behalf of the citizens of Providence, thanked 
the committee for the interesting and instructive exhibit 
afforded, and in the name of the association returned thanks 
for presenting an exhibit illustrating so perfectly the latest 
improvements in electrical supplies and appliances. Then, 
briefly referring to the light of our ancestors, going far back 
to the day when the flame of the fagot and the light of the 
torch, the wick floating in the oil, the tallow candle, or gas 
illuminated our dwellings, he dwelt eloquently on what we 
term electricity, that not only affords an exquisitely soft light 
that has become the light of the period, but has also drawn 
from the other industries more than $600,000,000 for invest- 
ment in the various electrical enterprises in which we are 
interested, 

President Perry then introduced ex-Gov, Herbert W. Ladd, 
who, in formally opening the exhibition, referred to the 
rapid growth of the science of electricity, and to that which 
has been so often noted before, that the leaders in electrical 
interests are all young men—active, enterprising and ener- 
getic—men who have placed the science of electricity among 
the highest of the sciences and arts. Then, referring to the 
model electric light station in Providence, he welcomed the 
association, and declared the exhibit opened. Gen. Barney 
then said, that as the science of electricity had been referred 
to as in its infancy, it was but fitting that the current which 
should illuminate and set in motion the exhibits should be con- 
trolled by one who, by reason of her tender years, might typify 
the Genius of Electricity, and he presented Miss Bertha Leola 
Thomas, the little five-year-old daughter of Van A. Thomas, 
Superintendent and Electrician of the Narragansett Electric 
Lighting Company, who, stepping to the swicthboard gave 
the signal for the inflow of current, that was followed by an 
instantaneous flood of light from.arc. and incandescent 


Gre 
tri] 


dis 
gla 


Ma 


des 
pr 
ac 
pli 
its 


ful 
tri 


mc 


er! 


he 


an 
ele 








ve 


ar 
1e 
1e 
at 
n 
Ss, 





Fes. 28, 1891. 


lamps, and the machinery was set in motion. This plug, or 
switch was inclosed in a glass case, and was used in connec- 
tion with the first incandescent lamps operated from a cen- 
tral station in the world, viz.: that at Holborn Viaduct, 
London, on January 12, 1882. In the signal circuit, current 
for which was secured from the Hurilmann “Champion” bat- 
teries, exhibited in space occupied by The E. S. Greeley & 
Company, was a short piece of the first Atlantic cable, which 
was given to Mr. W.J. Hammer by Cyrus W. Field. Mr. 
Hammer also contributed the “plug” with which Miss 
Thomas closed the circuit, and to him belongs much of the 
credit for the successful introduction of many of the special 
features of the exhibition. 

The large illustration shown on page 153 gives a gen- 
eral idea of the arrangement of the exhibits and the disposi- 
tion of the lamps. On one side 100 Loomis incandescent lamps 
were strung in rows, while in front of and above the stage 
were three arches surmounted by incandescent lamps, each 
socket holding the soft-toned lighting shades manufactured 
by the McCreary Electrical Specialty Company, of New 
York. In brief, the exhibits may be individually described 
as follows: 


How do you like Eugene Phillips’ caramels ¢ 

‘‘ There’s a land that is fairer than day !"—C. H. B. 

L. E. Wileox & Co. had a Speed electric wire stretcher in 
practical operstion. 

A. N. Bender & Co., of Providence, exhibited a patent 
metallic cable support. 

The Thomson-Houston Carbon Company had just the 
representative in Mr. D. F. Urquhart. 

The Bryant Electric Company, of Bridgeport, Conn., had a 
folder ‘I wouldn't miss for nine dollars.” 

Mr. Henry F. Jenks, Pawtucket, R. I., exhibited the Jenks 
improved drilling and tapping machines. 

The Crocker- Wheeler Electric Motor Company had one of 
its motors driving fans in the hotel lobby. 

The National Electric Company, of Philadelphia, distributed 
some diminutive samples of the Warrell fuse block. 

Mr. H. T. Paiste, of Philadelphia, was present with a 
handsome exhibit of cut-outs, switches and lamp sockets. 

Thos. G. Roebuck, of New York, exhibited the Roebuck 
key and keyless socket manufactured by the Insulite com- 
pany. 

The Russell Electric Company, Boston, exhibited a Rus- 
sell lamp, designed to supplant the use of double-carbon 
lam ps. 

The H. W. Johns Manufacturing Company, New York, 
had a handsome showing of asbestos, in charge of Mr. J. R. 
Burdick. 

The B. & S. Electric Equipment Company, New York, dis- 
played the B. & S. ceiling rosette, cut-out and other 
specialties. 

Mr. J. F. Kelly was certainly the happy representative. No 
samples—no bother—only an enjoyable renewal of old-time 
friendships. 

Pass & Seymour, Syracuse, N. Y., had a full line of their 
special insulating china in the form of cut-outs, fuse blocks, 
sockets, ete. 

The Bryant Electric Company, Bridgeport, Conn., made a 
hanasome exhibit of its specialties and was well represented 
hy Mr. W. C. Bryant. 

The Sperry Electric Company, Chicago, had Mr. C. E. 
Gregory present with the Sperry regulator, switch devices, 
triple lamps, single lamps and the Ellis oil filter. 

The Phcenix Glass Company, New York, had a handsome 
display of are and incandescent globes, shades and other 
glassware on the balcony in charge of Mr. E. H. Peck. 

The Clement Manufacturing Company, Northampton, 
Mass., exhibited a complete line of insulated screwdrivers, 
designed for use en live circuits by linemen and others. 

The Standard Electric Supply Company, Boston, was re- 
presented by Mr. W. E. Stow and Mr. Chase, and exhibited 
a complete line of its electrical specialties and electrical sup- 
plies, 

The Illinois Electric Material Company, Chicago, through 
its secretary, Mr. E. L. Clark, distributed its new and use- 
ful catalogue of supplies required by electric light and elec- 
tric railway managers. 

The T. M. Foote Regulator Company, Boston, exhibited 
a three h. p. Foote regulator, in connection with an Eddy 
motor. Mr. T. M. Foote was present to explain its method 
of varying the power required. 

The Walker Electric Company, New York, had Mr. George 
W. Walker and Mr. C. R. Truex to explain the simplicity of 
the Walker current meter, and the other instruments which 
that company is manufacturing. 

The C-nsolidated Fruit Jar Company, of New Brunswick, 
N. J., was represented by Mr. Frank P. Wisner, with a nice 
line of its various metal specialties and samples of its fuse 
wire of standard carrying capacity. 

The Crosby Electric Company, New York, represented by 
Mr. Louis Walsh, showed a full line of dry and wet batteries 
and other specialties, and had a “new coon” whose gor- 
geous uniform was the admiration of all. 

The Washburn & Moen Manufacturing Company, Wor- 
cester, Mass., had two cases containing handsome samples 
of the various electrical conductors it manufactures. Mr. 
Henry M. Smith was in charge of the exhibit. 

The Simplex Electrical Company, Boston, had au interest- 
ing exhibit of simplex wires and specialties, and its interests 
were well taken care of by Dr. A. F. Mason, J. H. Mason, 
Major D. F. Everts, W. H. Gordon and G. F. Talcott. 

Mr. E. S. Mendels, manager of the Universal Arc Lamp 
Company, of New York, handsomely entertained the Gov- 
ernor of the State, Mr. John W. Davis, and the Secretary of 
State and the Governor's staff during the convention. 

The New York Insulated Wire Company was promi- 
hently in the front as usual, the only change being that Mr. 
J. W. Godfrey had been placed under bonds not to play any 
practical jokes on the members during business hours. 

The A. W. Harris Oil Company, of Providence, distributed 
4 beat pocket case contaising samples of its valve, engine 
and dynamo oils, which are m use daily at the Narragansett 
electric lighting station, the American Electrical Works and 
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the New Fingland Butt Company, Providence, as well as in 
hundreds of other stations. 

The Sbultz Belting Company, St. Louis, exhibited its new 
patent woven leather belting and the Shultz pulley cover, 
which has attracted so much attention from electric light 
people. Mr. J. A. J. Shultz, president of the company, was 
present. 

The Universal Are Lamp Company, of New York, had an 
exhibit of its arc lamps for incandescent circuits very prom- 
inently located thet attracted universal attention, while 
General Manager E. §. Mendels was present to explain the 
merits of the lamp. 

James W. Queen & Co., of Philadelphia, had the usual 
exhibit of high grade standard electrical testing instruments, 
so attractive to the practical electrician. Mr. E.C. Willyoung 
was in charge and explained the operation of all new in- 
struments to many an inquirer. . 

The Standard Paint Company, New York, had a neat dis” 
play of P. & B. tape and other specialties which Mr. Shain- 
wald and Mr. Castle have made so familiar to electrical 
people. The P. & B. Conduit and Construction Campany’s 
interests were well taken care of by Mr. Castle. 

The Thomson-Houston Electric Company of Boston had 
Mr. Caryl D. Haskins present to exbibit and explain the 
operation of its new watt-meters, a majority of which were 
connected in circuits of various potential. Mr. Haskins’ in- 
teresting paper will be found in another co)umn. 

The National Electrical Manufacturing Company, of Eau 
Claire, Wis., had one of the handsomest exhibits in the hall 
facing the front entrance, and the Hon. Geo. B. Shaw, gen- 
eral manager of the company, was on the ground, winning 
many friends. Mr. Shaw is the Supreme Chancellor of the 
Knights of Pythias of the world. 

The International Okonite Company, New York and Lon- 
don, was out in full force, occupying space No. 113 in Union 
Ha]ll and parlors 33 and 35 in the Narragansett Hotel. Capt. 
Willard L. Candee, genial George Manson, H. Durant 
Cheever and T. B. McCoubray distributed samples of Okon- 
ite and other good things for which they are noted. 

Charles A. Schieren & Co., New York, had a very hand- 
some exhibit of their perforated electric leather belting, and 
as usual spared no pains to explain its merits to any one in- 
terested. Mr. C. A. Schierin, Mr. E. P. Atkinson and Mr. C. 
A. Schieren, Jr., of the New York house, and Mr. G. H. 
Hamblett, manager of the Boston house, were present. 

The National Electric Protector Company, New York, ex- 
hibited the Sanford electric prctector, which has been found 
so efficient in protecting telephone, telegraph and similar 
lines and instruments from the destructive effects of direct 
or alternating currents and from lightning. Mr. C. E. San- 
ford, the inventor, was present to explain its operation. 

The Bernstein Electric Company, of Boston, exhibited 
portable potential and current indicators, series incandes- 
cent lamps of varied candle power, and the standard incan- 
descent supplies for both arc and-incandescent circuits for 
which this house has built up so excellent a reputation. Mr. 
Henry B. Cram, the treasurer of the company, and Superin- 
tendent George R. McLean were present. 

The Jenney Electric Motor Company, Indianapolis, Ind., 
was represented by the inventor, Mr. Chas. D. Jenney, who 
had a one horse-power and a three horse-power 500-volt Jen- 
ney motor in operation, and a three-fourths horse. power 110- 
volt motor not connected in circuit, and two special rheo 
stats. It is reported that Mr. Jenney will shortly bring out 
an incandescent system specially designed for isolated 
plants. 


The Eddy Electric Motor Company, of Windsor, Conn., 
set two 10-h. p. Eddy motors to drive an Eddy dynamo 
of 110 volts and a Loomis incandescent dynamo of 70 volts’ 
potential. In addition the company exhibited motors 
of 44 and of one horse power, all being in charge of 


’ Drake, Payson & Whittier, of Providence, while General 


Agent M. E. Baird and Secretary A. D. Newton, of the Eddy 
company, looked after the sociable interests. 

The Weston Electrical Instrument Company, of Newark, 
N. J., was represented by Messrs. Weston, Colby and Fessen- 
den, who exhibited the Weston testing instruments that 
have become famous for accuracy. Weston ammeters and 
voltmeters were connected in circuit, while ‘other instru- 
ments ranging in capacity from one-one-hundred-thousandth 
of a volt to 6,000 volts, and one-ten-thousandth of an am- 
pere to 3,000 amperes were shown and their operation ex- 
plained. 

The E. S. Greeley & Co., of New York, had an interesting 
exhibit of fine standard electrical measurement apparatus, 
including shunts, rheostats, Wheatstone bridges and Thom- 
son galvanometers from the ‘‘Greeley Laboratory,” in 
charge of Mr. Charles P. Frey, whose excellent articles on 
the construction and use of electrical testing apparatus have 


. interested the readers of THE ELECTRICAL WORLD. Mr. 


Frank A. Magee, the pioneer supply man, was also present 
and had a number of novelties, including the Champion 
Battery. 

The Electrical Supply Company, Chicago, had the chief of 
its engineering department, Mr. Charles Wirt, present to 
exhibit and explain the operation of many of its specialties 
which have attracted so much attention from electric light 

ud electric railway managers. Mr. Franklin S. Terry, 
manager of the Electrical Supply Company, was also present 
and took an interesting part in the pioneers’ meeting, he 
having been one of the first workers in the organization of 
the association. 

Swarts & Gannett, Providence, exhibited a complete in- 
candescent lighting plant, of the type manufactured by the 
National Electric Manufacturing Company, of Eau Claire, 
for which they are the New England agents; also a com- 
plete storage battery plant supplied by the Accumulator 
Company, of New York; while an attractive portion of their 
exhibit was a number of phonographs that allowed visitors 
to have the pleasure of hearing the latest operatic airs. Mr. 
Gardiner T. Swarts and Mr. Wm. P. Gannett, Jr, were 
present, and extended a cordial invitation to all visitors to 
make their space or their offices headquarters during their 
stay in the city. 
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Alexander, Barney & Chapin had an elaborate display on 
the platform, above which, and forming part of the arches, 
were nearly 100 of their A. B.C. lamps connected in circuit 
with a 50-volt alternating current, while suspended from the 
arches were two finely finished Mosher are lamps, designed 
for use on direct-current incandescent circuits, either singly 
or in series, the amount of current used being regulated by 
a rheostat containing a suitable number of carbons. These 
lamps are manufactured in Chicago, but Alexander, Barney 
& Chapin are the Eastern agents. A neat display of fibrone, 
alexite, herculite and plasticon, for ,which they are the sell- 
ing agents, was shown. In addition, they exhibited all the 
latest improvements used in connection with the operation 
of arc and incandescent or electrical railway and power sta- 
tions. An additional feature of the exhibit, and one of the 
most notable, was a collection of ancient lamps and fittings, 
loaned by Secretary Allen R. Foote, which included an in- 
candescent lamp made in January, 1881; the first electrolier 
used in practical operation ; the original resistance coil at- 
tached to the first Edison dynamo, and the original switch 
which is said to have turned the current on in the Water 
street plant on Jan. 15, 1881. 


THE ELECTRICAL WorR1ipD from its headquarters in the 
Narragansett Hotel issued five four-page bulletins of the 
same size asthe regular edition of this paper, which were 
received with much interest by the delegates present. 
The members of the staff present were W. J. Johnston, Dr. 
Louis Bell, Col. J. Frank Dillont, Fred De Land, L. H. Hart, 
Edward Caldwell, R. F. Outcault, W. C. Fineout, C. A. Bald- 
win and Wilbur F. Hanks, and stenographers Miss Weldon 
and Miss Featherstone. 

On Wednesday evening President Perry’s reception was 
the centre of attraction to the delegates. Well as they knew 
Mr. Perry’s hospitality, they were hardly prepared for so 
elegant and elaborate an affair as his forethought had pro- 
vided. A large number of prominent citizens were present 
to preet the delegates, and every one returned thoroughly 
enthusiastic over the courtesy of President Perry and the 
hearty corliality of his many assembled friends. 

Mr. Eugene Phillips, president of the American Electrical 
Works, proved to be what he has always been known, a 
royal entertainer, and wouaod up by giving a ball and ban 
quet in his new factory that was an entire success, and of 
which we give a glimpse on page 153 of this issue. The 
ball-room, which was exquisitely decorated, covered an un- 
interrupted floor space of 146~=60 feet, and more than 50 
couples were waltzing at one time over the slippery 
surface. In addition to the flags wrought in  butter- 
flies, festcons, and other picturesque designs, Japanese 
parasols, shields and emblems, set at regular intervals, 
the stage occupied by the musicians was flanked by tropical 
plants and ferns in dense profusion, and in the recesses of 
the windows were set choice plants, while from the ceiling 
hung electric lights, the intense brilliancy of which was 
softened with violet globes. At nine o’clock the grand march 
occurred, led by Governor Davis and Mrs. E. S. Phillips, fol- 
lowed by President Phillips and Miss Clara M. Cuming, of 
Philadelphia, President Perry and Mrs. H. R. Barker, ex 
Mayor Hayward and Mrs. L. H. Humphreys, and a brilliant 
retinue of richly-dressed ladies and escorts in evening dress. 
Mr. William A. Hathaway was the floor director, and, being 
well sustained by Mr. P..C. Ackerman and the other nine 
aids, nothing was left undone to make the house warming of 
the American Electrical Works a pronounced success, 
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Attendance. 


The attendance was the largest ever present at any con 
vention, and among those present were : 
LADIES. 


Mrs. P. H. Alexander, New York. 
Mrs. Geo L. Austin, Boston. 

Mrs, James I. Ayer, St. Louis. 

Mrs. Cyrus O. Baker, Jr., Newark, N. J 
Mrs. Stella J. Barney, New York. 
Miss Retta Burleigh, Camden, ; 

Mrs. Stephen E. Barton, Boston. 
Mrs. Henry B. Cram, Boston. 

Miss Clara M. Cuming, Philadelphia. 
Mrs. George Cutter, Chicago. 

Mrs. A. J. DeCamp, paemphio. 
Miss Featherstone, New York. 

Mrs. M. J. Francisco, Rutland. 

Mrs. H. K. Gilman, Chicago. 

Miss Evelyn Hamell, Philadelphia. 
Mrs. W. R. Kimball, Fcrt Wayne. 
Mrs. E. F. Peck, Brooklyn. 

Mrs. H. E. Paine, Dixon, Il. 

Mrs, J. B. Paine, Providence, 

Miss May Robinson, Camden, N. J. 
Miss Hebe Robinson, Camden, N. J. 
Miss Belle liidlon, Boston, 

Mrs. Frank Ridlon, Boston. 

Mrs. A. O. Shepardson, Waterbury, Conn. 
Mrs. John A. Seely, New York. 

Mrs. Fred H. Whipple, New York. 
Miss Weldon, New York. 

Mrs. 8S. S. Wheeler, New York. 

Mrs. Elmer Willyoung, Philadelphia. 
Mrs. A. M. Young, Waterbury. 

Mrs. E. P. Young, Pittsburgh. 

Miss Young, Pittsburgh. 

Mrs, W. H. Vialle, Worcester, Mass. 
Miss Emma Woodall. 


NEW YORK. 


Atkinson, E. P., with C. H. Schieren & Co. 

Ackerman, P. C., manager N. Y. office American Electrical Works. 
Alexander, P. H., Alexander, Barney & Chapin. 

Barney, Gen. C. H., Alexander, Barney & Chapin. 

Bell, Dr. Louis, editor THE ELECTRICAL WORLD. 

Burdick, J. P., H. W. Johns Co. 

Burton, Fred G., Ansonia Brass and Copper Company. 

Bushnell, Nathan, B. & S. Electric Equipment Company. 
Caldwell, Edward, assistant editor THE ELECTRICAL WORLD. 
Colvin, F. R., manager Electrical Engineer. 

Candee, Captain Willard L., manager Int. Okonite Company. 
Cook, E. L., Nubian [ron Enamel Company. 

Coles, 8. L., editor Electrical Review. 

Coles, Thos. L., Muncie-Coles Subway Company. 

Chalmers, David, Alexander, Barney & Chapin. 

Cheever, H. Durant, International Okonite Company. 

Castle, Wm. W., P. & B. Conduit and Construction Company, 
Corey, R. B., manager Electric Construction and Supply Company, 
De Land, Fred, Tuk ELECTRICAL WORLD. 

Dillont, Col. J. Frank, 'HE ELECTRICAL WORLD. 

Ditman, M. 

De Konde, Frank S., Standard Paint Company. 

Ellinger, J, O., John A. Roebling’s Sons’ Company. 
Fineout, ww . C., THE ELECTRICAL WoRLD. 

Fleming, W. H.. manager The American Exporter. 
Field, C. J., Field Engineering Company. 

Faver, A. T., New York Insulated Wire Company. 
Gennert, E. F,, superintendent E. P, Gleason Mfg, Co. 


Godfrey. J. W.. general ma 
Gordon, W. H., 

Gray, R. J., w 

Herrick, J. 


Hammer, W. J.. electrical expert. 
Hungerford, D. L., manager Waliace & Sons. 
Harlow, Walter C., Joseph Ketchum & Co. 
ingiee, A H., N. E. Agent Associated Press. 
rwin,d. &. 
Johnston, W. J., publisher Tot ELECTRICAL WORLD. 
Ketchum, Joseph, Joseph Ketchum & Co. 
Knight, F. E., manager Power-Steam. 
Kelly. J. F., Edison General Electric Company. 
Kuhne, Ff. J. 
Brown, M. W., Eastern Electric Su ply and Construction Co. 
LaRue, Geo. W., Crocker-W heeler Electric Motor Company. 
Latshaw, Z., vice-pres. National Electric Manufacturing and 
Construction Company. 
nard, H. Ward, manager Edison General Electric Company. 
Lufkin, H. L, manager C. & C. Electric Motor Company. 
Lewisohn, L., Lewisohn Bros. 
Larbig, Theo., Holmes, Booth & Haydens. 
Laehy, P. E., East River Electric Light Company. 
McCoubray, T. B., International Okonite Company. 
Manson, G+ orge T., International Okonite Company. 
McQuade, Jas. P., treasurer National Conduit Mfg. Co. 
Morrison, W. J., Fort Wayne Electric Company. 
Mitchell, A. P., manager Hardware. 
Murray, W. J., National Electrical Manufacturing Company. 
Myerson, E.., wwe ry 4 
Magee, Frank A., The E. 8. Greeley & Co. 
Mendels, E. S., manager Universal Arc Lamp Company. 
Martin, T. C., editor Electrical Engineer. 
Morris, W. C. : 
McGraw. J. H., publisher Street Railway Journal. 
Meeker, Geo. H., New York Insulated Wire Company. 
O’Conner, T. F., Standard Underground Cable Company. 
Outcault, R. F., artist, Tak ELEcTRICAL WORLD. 
Paine, ©. M. G., Western Electrician. 
Platt, Willard H , man r Greene, Tweed & Co. 
Pope. Ralph W., editor Klectric Power. 
Pheips, G. M., president Hlectrical Engineer. 
Pierrez. J. C., Goodrich Hard Rubber Co. 
Price, Chas. W., editor Electrical Review. 
Peck, E. H., Phoenix Glass Company. 
Perot, E. 8., National Conduit Manufacturing Co 
Patrick, Fred. M., H. W. Johns Manufacturing Company. 
Piace, Chas. A., New York Insulated Wire Company. 
Prescott, Geo. B , Jr., ““Kerite.”’ 
Ryan, R. W., official stenegreptrs 
Rosenstamm, S., with Lewisohn Bros. 
Rosenstamm, L., Lewisohn Bros. 
Richardson, B. J. 
Roebuck, 'Thomas G., Insulite Manufacturing Company. 
Sanford, C. E., manager National Electric Protector Company. 
Schieren, C. A., C. A. Schieren & Co. 
Schieren, C. A., Jr., C. A. Schieren & Co. : : 
Seely, John A., manager Complete Electrical Construction Co. 
Stump, C. E., manager Street Railway Journal. 
Swetland, H. M., president Power-Steam. 
Shippy, H. L., Jno. A. Roeblings’ Sons’ Company. 
Shainwald, Ralph L., president Standard Paint Company. 
Sullivan, M. C., Klectricat Engineer. 
Smith, F. H. : 
Sellers, W. G., N. Y. Safety Insulated Wire Company. 
Sprague, Frank J. 
Schwal, Abe, Jas. Schwal & Co. 
Taltavall, 1. R., editor Hlectrical Age. 
Taltavall, J. B., manager Electrical Age. 
Temple, W. H., Western Electrician. 
Truex, C. R., Walker Electric Company. 
Taylor, S. F., Patterson, Gottfried & Hunter. 
Van Nuis, C. S., manufacturer of switches. 
Vaughan, D. W. 
Weinberg. Wm. J., stenographer. 
Wetzler, Jos., editor Electrical Engineer. 
Western, Benj. R., Manufacturers’ Advertising Bureau. 
Whipple, Fred H., Whipple's Reports. 
Walker, G. W., president Walker Electric Company. 
Wetmore, Jean A. 
Wood, E. E., Electrical Industries. 
Walsh, Louis, Crosby Electric Company. 
Wheeler, Schuyler 8., Crocker-W heeler Electric Motor Company. 
Wiley, G. L., Standard Underground Cable Company. 
Wilkins, F H., Western Electric Company. 


BOSTON, MASS, 


Amory, Robert, president Economic Electric Manufacturing 
Company. 

Anderson, J. M., A. & J. M. Anderson. 

Andrews, D. A. Jr., The Pettingell-Andrews Company. 

Austin, Geo, L., editor Practical Electricity. 

Allen, C, C , manager Boston Electric Company. 

Barton, Stephen E,, president Electric Mutual Ins. Company. 

Brophy, Wm., chief inspector Electric Mutual Ins. Comoany. 

Burnham, Wm., treasurer Electric Gas Lighting Company. 

Barker, W. L., ageyt Electrical Review. 

Bicknell, A. P., publisher Electrical Enterprise. 

Burnbam, Col. Lewis W., president Elect. Gas Lighting Co. 

Bibber, C. E., Holtzer-Cabot Electric Company. 

Barker, F. E., member of Mass. Gas and El, Lighting Commission, 

Boyden, W. L., H. E. Swift Manufacturing Company. 

Burleigh, Chas. B., Thomson Houston Electric Company. 

Blodgett, A. D., Blodget Bros. 

Cabot, Geo. E., treasurer Holtzer-Cabot Elec. Company. 

Conant, H. J., manager Evans Friction Cone Company. 

Cram, Henry, treasurer, Bernstein Electric Company. 

Clark, A. T., treasurer American Circular Loom Company. 

Crane, F. H., Emerson Power Company. 

Chase, H. W. 

Chase, Walter G., treasurer Mason Regulator Company. 

Cartwright, David J. 

Cabot, FE. E., Holtzer Cabot Electric Company. 

Crawford, F. A., Jarvis Engineering Company. 

Cobb, F. L. 

Claflin, A. D., Claflin & Kimball. 

Cutler, H. H., Walworth Manufacturing Company. 

Cotfeen, Levi, Pettingell-Andrews Company. 

Davis, Albert E., Electric Power. 

Douglass, 8. A., Edison General Electric Company. 

Donohue, Francis E., Sawyer-Mann Electric Company. : 

Edgar, C. L., general manager Edison Electric Illuminating Co. 

Eustis, Herbert H., president Eastern Electric Cable Company. 

Kverts, aaiet assistant manager Simplex Electric Company. 

Ferguson, W. B., N EK. agent Rae Electric Railway System. 

Fowler, Chas. K., Commercial Bulletin, 

Fiel 1, A. S. 

Floyd, E. D., Thomson-Houston Electric Company. 

Field, A. B . Thomson-Houston Electric Company. 

Gilley, Frank M., associate editor Electrical Enterprise. 

Griggs, A. B. 

Gilbert, F. A., president Boston Electric Light Company. 

Haskins, Caryl D., Meter Department Thomson-Houston Electric 
Company. 

Herrick, Chas. H., manager Wright Electric Engineering Co. 

Holtzer. C. W., Holtzer-Cabot Electric Company. 

Hill, Warren S., electric specialties. 

Hamblett, G. H., Chas. A Schieren & Company. 

Haley, C_8., Thomson-Houston Electric Company. 

Hodges, Percy , Thomson-Houston Electric Company. 

Key, W..8., Modern Light and Heat. 

Lynch, editor Electrical Enterprise. 

Lee, C. Tennant, Gould & Watson Company. 

Lockwood, Thomas D., American Bell Telephone Company. 

Mansfield, G. W., Ry. Dept. Thomson-Houston Electric Co. 

Mason, A. F.., general manager Simplex Electric Company. 

Mason, Jas. H., secretary Simplex Electric Company. 

McLean, Geo. R., Bernstein Electric Company. 

Mullen, W. P., V. P. Shultz Belting Company. 

Martin, Frank A., Boston Commercial Bulletin. 

Monks, F. H., general manager West End Railway 

Magee, Jas. E., Thomson-Houston Electric Company. 

Minor, Alfred W., Union Glass Company. 

Pilicy, W. J., Whipple's Reports. 

Paine, Sidney B., Edison General Electric Company. 

Preston, Jarvis F., Gould & Watson Cae 

Potter, D. F., Thomson Houston Electric Light and Power Co. 

Pettingell, Ff. E., president Pettingell-Andrews Company. 

Pearson, F. S., electrical engineer, West End Street Railway. 

Ridlon, Frank, Wright Electrical Engineering Company. 

Ross, R. F., Modern Light and Heat. 

Roberts, G. W. 

Razee, L. E., Blodgett Bros, & Co, 

Radclytfe, Herbert. 

Stow, W. E., Standard Eiectric Supply Company, 

Stiliman, G. G, 

Smith, F. H., Thomson-Houston Motor Company, 

Sharp, E, P., The Gould & Watson Company. 


er New York Insulated Wire Co. 
. H. Gordon & Co. 

ith Electrical Age; 

H., first vice-pres. Edison Gen. Electric Co. 

Hunt, W. T., vice-president Electrical Age. 
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Swift, H. E., H. E. Swift Manufacturing Company. 

Spaulding a. C., Thomson-Van Depoele Electric Mfg. Company. 
Swift, T. G., Pettingell-Andrews Company. 

Starkey, A. J., Edison General Electric Company. 

Talcott, A. F., Simplex Electrical Company. 

Trainer, Harry M., Chas. M. Trainer & Co. 

Wheeler, Howard, Thomson-Houston Electric Company. 
Willard Field, Boston Globe. 

Wallis, Louis R., New England agent Buckeye Electric Company. 
Vine™ Ferdinand A., Bridgewater Electric Light Company. 
White, R. T., electric ee specialties. 

Warner, William D., agent Underwoods’ Manufacturing Co. 
Wing, L. J., Thomson-Houston Electric Company. 


CHICAGO. 


Brown, C. A., manager Western Electric Company. 
Cutter. Geo., electrical specialties. 
Cooke, W. J., vice-president McGuire Manufacturing. Co. 
Clark, E_L.. secretary Illinois Electric Material Company. 
Collins, W. F., with Electrical Engineer. 
Cavell, E. V., editor Street Railway Gazette. 
Dean, D. B., Electric Merchandise Company. 
Gregory, C. E., manager Sperry Electric Company. ‘ 
Gilman, Lieut. H. K., pres. Great Western Electric Supply Co. 
Knapp, Myron A., manager Knapp Electrical Works. 
Kreidler, W. A., publisher Western Electrician. 
Kenfield, F. L., publisher Street Railway Review. 
Lucas, H. P., mapager Great Western Electric Supply Company. 
Mason, W. R., general manager Electric Merchandise Company. 
O’Hara, J. B., editor Western Electrician. 
Powers, E. L., manager Electrical Industries. 
Ryan, J.C. , Gleason & Bailey Manufacturing Company. 
Shay, Col. J. H., Chas. Munson Belting Company. 
Terry, F. S., manager The Electrical Supply Company. 
Wirt, Chas. , electrician The Electrical Supply Company. 
- Young, John, Western Electric Company. 


ALBANY, N. Y. 


Frey, Charles P., chief electrician Greeley Laboratory. 
ANSONIA, CONN. 
Wallace, J. B., The Electrical Supply Company. 
ALTOONA, PA. 
Greene, Edgar B., Supt. Edison Illuminating nee. 
Markland, W. H., Telegraph Dept. Pennsylvania R. R. 
ASBURY PARK, N. J. 
Lane, Geo. M., president Electric Light & Power Company. 
ATLANTIC CITY, N. J. . 
Harrington, W. E. 
BRIDGEPORT, CONN. 
Bryart, W. C., manager Bryant Electric Company. 
Bullard, R. H., Bridgeport Machine Tool Works. 
English, J. C., secretary B. Electric Light Company. 
Libby, C. L. 
Orford, J. M., president Union Electric Manufacturing Company. 
Platt, O.S., New England Switch. 
Stanley, H. D., Bridgeport Brass Company. 
BROOKLYN, N. Y. 
Ferguson, Jas., superintendent Municipal Electric Light Com- 
pany. 
Peck, E. F., general superintendent Citizens’ Electric Illuminat- 
ing Company. 
nich, A. F., manager Hunt Engineering Company. 
BUFFALO, N. Y. 

Abell. C. Lee, manager Thomson-Houston Electric Light Co. 
Huntley, C. R., secretary Buffalo Electric Light and Power Co. 
BRISTOL, CONN. 

Minnott, Fred S. 
Spooner, W. H. 
CAMDEN, N. J. 
Armstrong, E. A., president Camden Lighting and Heating Co. 
‘ Burleigh, J. J., general manager Camden Lighting and Heating 
Jompany. 
Robinson, Heber C., superintendent Camden Lighting and Heat- 
ing Company. 
CHELSEA, MASS. 
Lee, R. E. 
CLEVELAND, 0. 
Crouse, T. B., vice-president Standard Carbon Company. 
Hayes, Webb C., treasurer National Carbon Company. 
Rodman, C. L., manager Globe Carbon Company. 
DANBURY, CONN. 
Wightman, E. T., superintendent D. and B. Electric and Gas 
Light Company. 
DENVER, COL. 
Bradner, W. P., the Bradner Adjustable Hanger Company. 
Law, M. D. 
Rollins, E. W., president Denver Consolidated Electric Light 
Company. 
DIXON, ILL. 
Paine, Dr. H. E. 
EAST ORANGE, N. J. 
Burnett, H. W. 
EAU CLAIRE, WIS. 
Shaw, George B., general manager National Electric Manufactur- 
ing Company. 
FITCHBURG, MASS. 

Coggeshall, H. F., treasurer Fitchburg Gas and Electric Co. 
Kimball, A. H., superintendent Fitchburg Gas and Electric Co. 
FORT WAYNE, IND. 

Bradley, Charles S,, Fort Wayne Electric Company. 
Kimball, W. R., Fort Wayne Electric Company. 
FREMONT, 0. 
Urquhart, IF ., Thomson-Houston Carbon Company. 
GLOUCESTER, MASS. 


Favor, L. B., electrician Thermal Electric Company. 
Norris, E. L., Gloucester Electric Company. 


HALIFAX, N. 8, 


Royer, C. L. 
HARTFORD, CONN. 


Buhert, J. F., superintendent construction Mather Electric Co. 
Davis, E. W., Perkins Electric Switch Manufacturing Company. 
Fitzpatrick, J. H., Jewell Belting Company. 
Graves, E. L., Jewell Belting Company. 
Gates. J. J., Perkins Electric Lamp Company. 
Hatch, E. B., secretary Johns-Pratt Company. 
Jewell, Chas. A. 
Newton, C. E., manager Jewell Belting Company. 
Perkins, C. G., Perkins Electric Lamp Company. 
Tolles, C. L., Jewell Belting Company. 
Wilson, F. B 
HOLYOKE, MASS. 


Winchester, R. C., Holyoke Water Power Company. 
HOPE VALLEY, R. I. 


Nichols, Willis L. 
Rogers, Walter. 
INDIANAPOLIS, IND. 


Baugher, F. W., Chas. Munson Belting Company. 

Jenney, C. D., manager Jenney Electric Motor Company. 
KANSAS CITY, MO. 

Weeks, Edwin R., manager K. C. Electric Light Company. 


LYNN, MASS, 


Bates, F. C., Thomson-Houston Electric Company. 

Bubier, E. T., proprietor Bubier Publishing and Manufacturing 
Company. 

Draper, Paul A., Thomson-Houston Electric Company. 

Lewis, W. B., Thomson Welding Company. 

Rice, J. Wilbur, Jr., Thomson-Houston Electric Company. 

Thomson, Prof. Elihu. 


LONDON, ENGLAND. 
Elieson, C. P., electrical expert. 
MANCHESTER, CONN. 


Anthony, Prof. Wm. A., president American Institute Electrical 
Engineers. ; 
Waring, John, electrician Perkins Electric Lamp Company, 


MANCHESTER, N. H. 
Elliott, Alonzo, president Manchester Electric Light Company. 
MERIDEN, CONN. 
Wilcox, Louis E., manager L. E, Wilcox & Co, 
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MINNEAPOLIS, MINN. 


Robertson, A. M., general manager Minneapolis Brush Electric 
Company. 





MONCTON, NEW BRUNSWICK. 

Dion, A. A., Intercolonial Railway of Canada. 
MONTPELIER, VT. 
Blackburn, E. D., Standard Light and Power Manufacturing 
Company. 
MONTREAL, CANADA. 
Corriveau, Albert J., president Canadian E. C. & S. Company. 
NEWARK, N. J. 


Baker, C. O.. Jr., Cyrus O. Baker & Co. 

Colby, Edward A., Weston Electrical Instrument Company. 
Garver, M. M. 

McIntire. C, H., C. McIntire & Co. 

Weston, Edward, Weston Electrical Instrument Company. 


NEW BRITAIN, CONN, 


Brady, T. H., manufacturer mast arms. 
Whitney, L. C., New Britain Electric Light Company. 


NEW BRUNSWICK, N. J. 
Wisner, Frank P., Consolidated Fruit Jar Company. 
NEW HAVEN, CONN. 
Denison, Julian F., Audubon Electric Machine Works. 
F owler, J.B. 
Warner, C. D., manager Electric Time Company. 
NORTH ATTLEBORO, MASS. 


Dillon, L. W., president Sieam and Electric Company. 
Daggett, H. M., Jr., treasurer Steam and Electric Company. 


NORTH EAST, PA. 
Daniels, A. L., Eureka Tempered Copper Company. 
NEWTON, MASS. 
Holmes, Wells E., N. & W. Electric Light Company. 
OTTAWA, CANADA. 
Ahern, T., Ahern & Soper. 
PHILADELPHIA. 


Cleverly, H. A., Cleverly Electrical Works. 
Cope, T. J., Cope Electric Pilot Line Company. 
DeCamp, A. J., general manager Philadelphia Electric Light 


Company 


Hanks, Wilbur F., THe ELECTRICAL WORLD. 

Moore, Alfred F., manufacturer insulated wires. 

Marshall, Norman, manager, The Star Electrix Company. 
Paiste, H. T., manufacturer of switches. 

Roberts, H. C.; Vallee Brothers & Co. 

Smith, 'l'. Carpenter, manager Keystone Electric Light and Power 


Company. 


Willyoung, E. A.. electrician, James W. Queen & Co. 
Wilkins, A. Ward, Partrick & Carter Company. 


PITTSBURGH, PA. 
Marsh, J. W., general manager Standard Underground Cable 


Company. 


Young, E. P., Sewickley Electric Company. 


PLYMOUTH, MASS. 
Edes, Edwin L., battery zincs. 
PORTSMOUTH, N. H. 
Flanagan, T. F., superintendent Portsmouth Gas Light Co. 


PROVIDENCE, R. I. 
Arnold, secretary American Screw Company. 
Bailey, Charles E., president Alarm Box Controller Company. 
Buck, G. M., A. W. Harris Oil Company. 
Barney, J. W., Providence Journal. 
Carhart, E. M., manufacturer electrical specialties. 
Chaffee, Z., secretary Brown & Sharpe Manufacturing Company, 
Elwell, Howard P., Hotchkiss Ordnance Co. 
Fenner, H. N., treasurer New England Butt Company. 
Frost, Walter B., The Manufacturing Jeweller. 
Henthorn, John T., Remington & Henthorn. 
Harris, A. Walter, A. W. Harris Oil Company. 
Hughes, Edward C. 
Ladd, ex-Governor Herbert W. 
Lawton, J. F. P., secretary Gorham Manufacturing Company. 
Lougee, Fred G., Narragansett Electric Lighting Company. 
Mason, Ear! Philip, vice-president R. I. Locomotive Works. 
McKee, W. H. 
McCahey, John, New England Butt Company. 
Phillips, E. F., president American Electrical Works. 
Perry, Marsden J., manager Narragansett Elect. Light. Company. 
Poole, W. H. 
Paine, J. B. 
Remington, Geo. H., Remington & Henthorn. 
Sims, Gardiner C., Armington & Sims Engine Company. 
Sawyer, W. H., secretary American Electrical Works. 
Smith, Charles Sidney, mayor. 


ROCHESTER, N. Y. 
Kaelber, I. George, Western Electric Company. 
RUTLAND, VT. 


Francisco, M. J., manager Rutland Electric Light Company. 
Francisco, Master Don. 


SAN FRANCISCO. 
Robinson, Leo S., Ryland-Robinson Company. 
ST. LOUIS, MO, 


Ayer, Jas. I., general manager Municipal KE. L. & P. Company. 
Love, W.S., Pond Engineering Company. 

Russell, D. R., Parker-Russell M. & M. Company. 

Shultz, J. A. J., president Shultz Belting Company. 


SPRINGFIELD. ILL. 
Ide, A. L., A. L. Ide & Son. 


SYRACUSE, N. Y. 
Clisdell, Percy Alfred, Electric Engineering and Supply Com- 


pany. 


Hines, Jesse L., Electric Engineering and Supply Company. 
Leonard, F. H. Jr., manager Electric Engineering and Supply 


Company. 


Seymour, A. P., Pass & Seymour. 
TOLEDO, 0. 
Faben, Charles R., manager Western Electric Light and Power 


Company. 


TORONTO, CANADA, 
Nicholls, Frederic, manager Toronto incandescent Electric Light 


Company. 


Thornberry, Henry S., Henry 8, Thornberry & Co, 
TRENTON, N. J. 
Murray, C. E., president Crescent Ins. Wire and Cable Compuny. 


Perrine, F. A. C., electrician John A. Roebling’s Sons’ Company. 
Reed, T. S., supt. Crescent Insulated Wire and Cable Company. 


UTICA, N. Y. 
Brayton, M. J., treasurer Utica Electric Light Company. 
WARREN, OHIO. 
Packard, W. D., manager Packard Electric Company. 
WASHINGTON, D. C. 


Foote, Allan R., agent Census Bureau. 

ae. Hon. John, president Washington Electric Conduit Co. 
Maynard, Geo. C., Electrical Review. 

Royce, Fred W., Royce & Marean. 

Watkins, Prof. J. Elfreth, Smithsonian Institution. 


WATERBURY, CONN. 


Mills, A. H., Steele & Johnson Manufacturing Company. 
Shevardson, A. O., manager Connecticut Electric Company. 
White, Leroy S., Electric Appliance Company. 

Young, A. M., secretary Connecticut Electric Company. 


WILLIAMSPORT, PA. 
Hess, G., general manager Edison Electric Uluminating Company. 
WILMINGTON, DEL. 


Tyson, C., Kartavert Manufacturing Company. 
Van-Trump,C Reginald, W. City Electric Company. 


WINDSOR, CONN, 


Baird, M. E., general agent Eddy Electric Manufacturing Co. 
Newton, A. D., manager Eddy Electric Manufacturing Company. 


WOONSOCKET, R. I. 
Lincoln, L. C., Electric Machine & Power Company. 
WORCESTER, MASS. 


Coughlin, W. H., superintendent Worcester Electric Light Co. 
Fairbanks, H. H., secretary Worcester Electric Light Company. 
Vialle, W. H., with Washburn & Moen Manufacturing Company. 
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FEB. 28, 1891. 


Financial Intelligence. 
THE ELECTRICAL STOCK MARKET. 


F. Z. Maguire & Co., electrical securities, 18 Wall street, 
send closing quotations of electric stocks Friday, Feb. 21, 1891, in 
New York, Boston and Washington: 











Capital- 
Name of Stock. Par. ization. Hid. Ask’d. 
NEW YORK. 
Western Union Telegraph Co............ 100 86,200,000 81 81 
American Telegraph & Cable .. ......... 100 14,000,000 80% 824 
Central and South American....... seee--L00 5,000,000 145 160 
SET Lilies tei Ck sees Ga ereusstaese 100 §=2,000,000 210. .... 
Commercial Cable Co ...... ...ccccececees 100 7,716,000 104 109 
Postal Telegraph Cable.................... 100 5,000,000 39 41 
Edison General Electric Co................ 100 15,000,000 100 109 
Consolidated Electric Light.......... -.---300 = 1,928,400. ‘ene 
- a deferred..... 100 2,496,500 rears 
Edison Electric Uluminating Co.... -100 2,567,800 79 = 80 
United States Electric Light,..... .. .100 =: 1,500,000 ae. cane 
North American Phonograph........ oe ee 12 
BOSTON. 
Thomson-Houston Electric Co............ 25 6,000,000 45% 46% 
* = preferred.. 25 4,000,000 26 
+ a Series C.... 10 400,000 115% £13 
” = Series D. .. 10 120,000 4 7 
“ International Co...... SGD EO nce cee 
Thomson Welding Co...... .....-sse.s00- 190 1,000,000 .... 
™ European Welding Co.......... 100 1,000,000 60 65 
Ft. Wayne Electric Co...........sccsseces 25 4,000000 13 1334 
Westinghouse Electric Mfg. Co.......... 50 5,000,000 12% 13 
Telephone: 
Te Ba 3s ov hk os 046.8 veer deen cece 100 12,500,000 192% 193 
” We? Pa cwvesdvecees ceisacedan cpanel 173g 17% 
ee ee ee ree ib beaencal eae 100 4,800,000 47% 48 
New England.............+. ievededein ---100 10,304,600 50 51 
Daves kcsas Mvevedvessts ceccuea --. 10 1,280,000 65c. 7c. 
Tropical American ..... sgl siWentes wie 400,000 1 
Edison Phonograph Doll............-..... 10 _—:1,000,000 1 
WASHINGTON. 
Pennsylvania Telephone................-- 50 750,000 25% .... 
Chesapeake & Potomac...............+0.: 100 2,650,000 55 ee 
American Graphophone ......... socsesecs 10 600,000 8 8% 
United States Electric Light (Washing- 
Ch ieiG A adin een isionde> +548 100 300,000 150 160 
Eckingten and Soldiers’ Home Electric 
esa ge Sivek bien Cards naar cas coves es 50 352,000 5734 60 
Georgetown and Tennallytown .......... 50 200,000 60 61 





* Exdividend. 

Chicago Quotations.—Col. 8. G. Lynch, broker, 153 Mon- 
roe street, Chicago, furnishes quotations on telephone and electric 
light stocks as follows: .° 








CRIS os cis c0cuscvaes $240@$250 | Cumberland............ $60@ $62 
Central Union........ 57@ 58} Wisconsin........ chokes 118@ 120 
Michigan..... ....- 89@ 90| Bell of Missouri........ 160@ 165 
Great Southern......... 30@ 32] lowa Union............ 20@ 22 
CS ono 5550 shane 31@ 36| Missouriand Kansas.. M4@ 56 
Rocky Mountain Bell. 40@ 43] . 


ELECTRIC LIGHT STOCKS, 


Chicago Arc Light and | Chicago Edison........ $140@$150 
FOG vic Ka ccconsecos $94@$96 





NEW INCORPORATIONS. 


Raleigh, N. €.—A bill has been introd:ced in the North Caro- 
lina Legislature incorporating the North Carolina Electric Power 
Company. 

Maplewood (Tenn.) Electric Company has been incorpor- 
ated. Messrs. Jere Baxter, G. W. Ehle, F. W. Crutcher, P. Tam- 
ble, L. K. Hart and William Duncan secured the charter. 

A New Electric Company.—The National Electric Car Com- 
pany,with $250,000 capital stock, has been incorporated, at Washing- 
ton, D. C., to erect and operate an electric light and power plant. 

'Phe Coraopolis (Pa.) Electrie Light Company was char- 
tered last week. Its capital stock is $5,000 and the directors are 
Alfred McCabe, J. K. Jolly, G. A. Lashell, J. T. Wilson and A. M. 
Jolly. 

Arkadelphia, Ark.—The Arkadelphia Water and Light Com- 
pany has been incorporated with a capital stock of $50,000, by M. P. 
Hillyer, R. A. Holden, E. U. Maxwellana others, to erect an elec- 
tric light plant and establish a water-works system. 








AFFAIRS OF THE COMPANIES. 


The Central New New York Selephone and Tele- 
graph Company held its annual meeting in this city last week. 
The directors elected are: Robert S, Williams, F.G. Wood,C. A. 
Nicholson, David B. Parker, Lewis H. Lawrence and Martin A. 
Knapp and A. C. Belden, of Syracuse. The officers are: President, 
Robert S. Williams; vice-president, Lewis Lawrence; secretary and 
treasurer, F. G. Wood; general manager, C. A. Nicholson. 


The Annual Meeting of the Allegheny County Light 
Company of Pittsburgh, Pa., was held last week. Four of 
the old directors, H. H. Westinghouse, John Caldwell, Charles 
Payne and C. H. Jackson retired from the board. The new board 
elected consists of George Westinghouse, Jr., A. M. Byers, Robert 
Pitcairn, C. L. Magee, Theodore Sproull, John E. Ridall, William 
Eberhart and G. H. Blaxter, the last four being chosen to take the 
places of those retired. The board will meet next week to organize, 
and the indications are that Mr. Westinghouse will be made presi- 
dent and D. K. MeGonnigle will be re-elected secretary. 
The annual report shows the company to be in a good 
financial condition and making money. Secretary McGonnigle 
stated that the business has been steadily on the increase. 
Earnings from sales of light for 12 months in 1890 amounted to 
$310,256.24; operating expenses, $199,041.77; gross earnings, $111,. 
214.47; less interest on bonds and mortgages, $44,025.41, leaving the 
net earnings for the year $67,189.06. ‘To show how the business of 
furnishing electric light has grown, the net earnings in 1887 were 
$9,545.96; in 1880, $15,303.29; 1889, $47,322.96. _ According to the finan- 
cial statement, the total assets are $1,226,408.08, divided as follows: 
Real estate, boilers, engines, etc., $405,168.65; electrical apparatus, 
$367,782.86; construction, $240,468.47; patents, charter, franchises, 
etc., $65,130; material on hand, $31,392.01; office furniture, etc., 
$3,306.82; horses and vehicles, $1,308.95; stocks and bonds, 
$16,061.25; accounts and bills receivable, $92,573.82; cash, $3,215.15. 
Liabilities of the company are $1,154,439.73, leaving undivided 
profits of $71,968.35. The liabilities are divided as follows : Capital 
stock authorized, $1,000,000; capital stock in treasury, $500,000; 
capital stock issued, $500,009; bonds, 6 per cent., 10 years, $250,000; 
mortgage on Sandusky street premises, $17,500; accounts payable, 
$51,441.41; bills payable, $329,112.97, accrued interest on bonds and 
mortgages, $6,250; deposit account $135.15, The comparative state - 
ment of incandescent lamps operated is interesting: In 1887 the 
number in use was 10,511; in 1888, 20,145; 1889, 27,829: 1890, 33,500. Arc 
lamps operated in 1890 amounted to 857. Since Dec. 1 applica- 
tions have been received for 2,000 additional 16 c. p. lamps. 





THE ELECTRICAL WORLD. 


Special Correspondence. 
NEW YORK NOTES. 


OFFICE OF THE ELECTRICAL WORLD, 
167-177 TIMES BUILDING, NEw York, Feb. 2°, 1891. 
Mr. H. M. Underwood, General Agent of Interior Conduit 
Company, has just returned from a successful business trip in the 
West. 


Mr. William 8S. Hine has been appointed New York general 
district agent for the United States Electric Lighting Company, 
vice Henry Hine, resigned. 

The India Rubber and Gutta Percha Insulating Com- 
pany has removed its New York offices from 159 Front street to 315 
Madison avenue, corner Forty-second street. Mr. R. C. Field will 
remain in charge. 


The Direct United States. Cable Company bas issued its 
‘Query No. 2,” which reads: ‘“‘Would you have had a healthy com- 
petition and a speedy and accurate service if it had not been for the 
‘Direct Company?’” 

Mr. Eugene T. Lynch, of 120 Broadway, this city, the well- 
known consulting engineer, is at present very busy on street rail- 
way work in the South, and has also lately drawn the plans for sev- 
eral large mining plants which are to be equipped with electricity 
both for lighting and with coal-cutt ing machinery. 


The Edison General Electric Company has issued from 
the Intelligence Department a descriptive circular of electric per- 
cussion drills, which contains two very handsome cuts showing the 
drill mounted on a tripod and alsoas supported on a column in 
position for work. Consiterable information is given regarding the 
application of the system to mines under various conditions, and a 
comparison is given of the air and electric system of transmission. 

L. H. H. 





PHILADELPHIA NOTES 


BRANCH OFFICE OF THE ELECTRICAL WORLD, 
31 CiTy BUILDING, PHILADELPHIA, Feb. 21, 1891. } 
Mr. Harry S. Smith, who has been with Messrs. Walker & 
Kepler for several years, has resigned his position with that firm 
to become manager of the Powelton Construction Company, of 
West Philadelphia. 


Mr. A. O. Foss, who has acted as superintendent of the Jen- 
kintown Electric Light Company since its organization, has re- 
signed that position to accept a similar one with the Southern 
Electric Light Company of this city. 


The Equitable Engineering and Construction Com- 
pany will doall the construction work on the Athens (Ga.) street 
railway. The road is six miles long and has four cars. Ball engines 
and Wenstrom motors and dynamos will be used. This road is to 
be in operation by April next. 


Prof. Henry Crew, of Haverford College, commenced the 
year’s lecture course last week in Workingmen’s Club Hali, Ger- 
mantown, Pa., under the auspices of the Germantown Centre of 
the American Society for the Extension of University Teaching. 
The subject was ‘Sources and Properties of Electric Currents.’ 
The next Iccture will be on Thursday next, on ‘Measurements of 
Electric Currents and Resistances—House Meters.” 


Mr. W. A. Stadelman, of the Equitable Engineering and 
Cor struction Company, has just returned from a trip South. While 
there he closed several contracts for construction work in Rich- 
mond, closing with the Richmond & Manchester Electric Rail- 
way for several *‘ Rae’’ car equipments, which are to be delivered 
at once, und are to be placed under the new open summer cars 
which the Richmond people are now having built by the J. G. 
Brill Company, of this city. Mr. Stadelman also sold two “ Rae” 
equipments to Colonel Dyer for use on his Augusta (Ga.) street 
railway. W. F. Hz. 








“WESTERN HOPES, 


BRANCH OFFICE OF THE ELECTRICAL WORLD, \ 
465 THE ROOKERY, CHICAGO, Feb. 21, 1891. 
The Central Thomson-Houston Company bas opened 
an office in Indianapolis, with Mr. E. P. Woodworth in charge. 


Mr. H. 8S. Winston, president of the Illinois Electric Ma- 
terial Company, has returned from his southern trip, and reports 
business in that section of the country as fairly active. 


Mr. H. W. Sanborn, who has long been connected with the 
Western Electric Company, has resigned his position there to join 
the forces of the Milwaukee Electric Light and Power Company. 


Club Meeting Postponed.—The regular meeting of the 
Chicago Electric Club was postponed, owing to the absence of a 
number of the club members, a large number being at Providence. 


Mr. B. E. Sunny, the well-known manager of the Western 
department of the Thomson-Houston Company, is the happy father 
of anew recruit to the ranks of electrical men in general and to 
the Thomson-Houston Company in particular. 


Wr. J. WH. Cooke, secretary of the Sunbeam Incandescent 
Lamp Company, has been receiving a good number of orders for 
Sunbeam lamps lately. The lamps made by the company have 
come to the first rank of high-class electrical products. 

Messrs. H. W. Shurtz ana T. G. Cannon, representing 
Shurtz, Tobin & Cannon, visited Chicago last week en route to 
the northwest from eastern points. These gentlemen report busi- 
ness as being fairly brisk in spite of the sharp competition. 


Edison $1,500,000 Contract.—The contract for equipping 
the Milwaukee City and Cream City lines with electric appliances, 
overhead wires, motors, engines, etc., was awarded last week to 
the Edison General Electric Company at asum of about $1,500,000. 

The Interior Conduit and Insulation Company has 
opened an office in Chicago at 1105 Owings Building, with Mr. H. M. 
Underwood in charge. The company has just issued a neat circular 
calling attention to the many advantages to be derived from the 
use of their conduits. 


Trinidad, Colo.—Frank A, Miller, of the Trinidad Land and 
Improvement Company, last week asked the city council for a fran- 
chise for electric light purposes, the idea of the company at present 
being to run an electric street railway line in the city,and put in an 
electric light plant, in opposition to the company now operating. 
It is very probable that the franchise will be granted, as the com- 
pany have undertaken to begin work on the electric road immedi- 
ately. Arrangements have been made for the purpose of the horse- 
car line, the property of the Trinidad Street Railway Company. 

The Heport of the World’s Fair Committee of the 
Chicago Electric Club has made recommendations to the 
authorities concerning the electric plant of the exposition. It 
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recommends that all the conductors be located under ground. To 
light the main part of the grounds it is found that 1,400 arc lamps 
will be necessary on the tower system, and that for lighting the 
buildings, 3800 arc lamps and 50,000 incandescent lights will be re- 
quired. For this purpose 10,200 h. p. is needed, without making 
any provision for lighting the state buildings, nor furnishing power 
for stationary motors. H. C. E, 





SOUTHERN NOTES 


NORFOLK, Va., Feb. 21, 1891. 
De Funiak, Ala.—An electric light plant is to be .erected 
here. 


Lake Charles, La.—An electric light plant is to be established 
by J. A. Landry & Co. 

Waynes oro, Md.—A company has been organized to estab- 
lish an electric light plant. 


Lagrange, Ga.—The electric light plant of the Southern Fe- 
male College is being enlarged. 

Ringgold, Ga.—A telephone line is to be established between 
Ringgold and Chattanooga, Tenn. 

Spring City, Tenn.—A telephone line is being erected be. 
tween Spring City and Crossville. 

Greenville, Ala.—The city council is securing estimates on the 
cost of an electric fire alarm system. 


Lexington, Ky.—The Passenger and Belt Railroad Company 
will build two miles of electric road. 


Colorado, Tex.—A company has been formed for the purpose 
of establishing an electric light plant. 

Clarksdale, Miss.—The city council is obtaining estimates 
upon the cost of an electric light plant, 


Vernon, Tex.—A franchise has been given to R. B. Gout to 
construct and operate an electric street railway. 

Union City, Tenn.—The Union City Water Company is pre- 
raring toerect and operate an electric light plant. 

Oakland, Md.—The Oakland Electric Light Company has 
completed its electric light plant at a cost of $10,000. 


Columbus, Ga.—The Brush Electric Light and Power Com- 
pany is preparing to add new machinery to its plant. 


Salisbury, N. C.—The Salisbury Gas and Electric Company 
contemplates installing a new electric light plant soon. 

Jackson, Tenn.—The city council will devote $20,000 worth 
of bonds, recently issued—erecting an electric light plant. 

Murtreesboro, Tenn.—The Murfreesboro Illuminating Com- 
pany is preparing to add new machinery to tts electric light plant. 


Asheville, N. C.—Parties are reported as organizing a company 
to construct an electric line between Asheville and Rutherfordton. 

Roanoke, Va.—Atarecent meeting of the city council $6,000 
was appropriated for the establishment of an electric fire alarm 
system. 

Martinsville, Va.—-A movement is being made looking to the 
organization of a company for the establishment of an electric light 
plant. 

Monbo, N.C. An isolated incandescent electric light plant 
will be installed in the cotton mill of the Long Island Cotton Mills 
Company. 

Woodbury, Me.—The Woodbury Electric Light Company, 
which was recently incorporated, is said to be erecting its electric 
light plant. 

Athens, Ga.--A_ public test of the new Gamewell fire alarm 
system will be given inafew days. The systemis now nearly 
completed. 

Greenvilie, Texas.—It is stated that an electric light plant 
will be erected at the round house of the Missouri, Kansas and 
Texas Railroad. 

Fort Worth, Tex.—The city’s electric light plant is now com- 
pleted, and the claim is made that Fort Worth is the best lighted 
city in Texas. The plant is perfect throughout. It is stated that 
there will be additions made to the number of incandescent lights. 
The company that built 'the works proposes to operate it 90 days 
before the city accepts it. 

Memphis, ‘Yenn.—City electrician Robert Moran is energetic- 
ally bestirring himself to induce the city council of Memphis to 
establish a patrol telegraphic alarm system for that city. There 
seems to be a surplus of $12,000 to the credit of the city, and he is 
desirous of having this amount appropriated for the establishment 
of the new system. The matter will be discussed by the city 
council at its next meeting. V.N. B. 





ENGLISH NOTES 


From our own Correspondent. 
LONDON, Feb. 11, 1891. 

A Municipal Exhibition of Electric Light Fitting.-- 
The Vestry of St. Pancras, which will have a central station in 
operation some time in the spring, has given its support to a some- 
what unique enterprise, viz.,an exhibition at the Vestry Hall of 
electric light fittings, with a view to guiding intending consumers 
within the Vestry’s district to a proper choice of material. 

The Bradford Municipal Station.—Last week the new 
plant recently ordered by the Bradford Corporation for their 
central lighting station was formally inaugurated. A battery of 65 
Crompton-Howell cells has been installed for the purpose of supply- 
ing current during the hours of light load, and a fine Willans engine 
of 300 h.p., driving a 5,000-light Siemens dynamo, has also been added 
to the station plant, which now has 800 total available horse power. 
New mains have also been laid to supply the increased demand. 
The loss on the last year’s working of this station amounted to 
about £1,000. There was considerable protest in face of this loss 


against any additional expenditure. If, however, this station con- 


tinues to increase at anything like the rate it has in the past, this 
loss ought speedily to be converted into a profit. When the works 
were opened in September, 1889, there were only 1,000 eight c. p. 
lamps connected to the mais, while at the present moment there 
are 1,500 lamps connected. 


The Electric Light at Liverpool.— Liverpool is, perhaps, 
the only town in the provinces where the supply of electric current 
by a company has attained large proportions. In January, 1883, the 
Liverpool Electric Supply Company started with one station and 
2,000 8-c. p. lamps connected, It now has three stations and 24,000 
lamps connected. The system employed is the plain two wire at 
110 volts pressure, and the underground mains are on the Callender 
system, in which the conductors are insulated by layers of jute 
boiled in refined bitumen. The cables are lead covered and laid in 
iron troughs, which are filled in with molten bitumen, the whole 
being covered by a layer of Portland cement concrete about one 
inch thick. At the present moment the total length of underground 
‘agains, including + and — feeders, distributing mains and service 

nes, amounts to 41 miles, The experience of this company is, that 


; 
i 
i) 
4 
i 





182 


the number of Board of Trade units per 16c. p. per month varies 
from 6.3 units in January to 1.2 in June. 


City and South London BRallway.—An extraordinary gen- 
eral meeting of the shareholders of this company was held on Tues- 
day to consider the bill which has been introduced into Parliament 
empowering the company to extend its railway across the city to 
the populous district of Islington, in the north of London. The 
chairman stated that the board of the company were by no means 
anxious to extend their existing line until its capabilities had been 
thoroughly tried, but in self-defense the board had now considered 
it advisable to apply for powers to extend it to the north, but 
whether or not the bill should be further proceeded with was en- 
tirely in the hands of the shareholders of the company, Alluding 
to the numerous reports of break downs which had appeared in the 
daily press, he said that up to that day about 11,000 trains had been 
run, and there had been only 18 failures, which, considering the 
novelty of the concern and rapidity of the service, he did not think 
was a bad showing. The proposed extension did not meet with the 
general approval of the shareholders presen‘, and it was decided to 
adjourn the meeting until the 24th, the date of the general meeting 
of the company. 


Electric Traction in London.—tThe proposed electric rail 
way connecting the districts of Paddington and Kensington is 
exciting considerable opposition. With you the telephone com- 
panies are the chief opponents of electric traction. In this case the 
professors are up in arms and their view of the matter is being 
widely supported both by the technical and general press. Ex- 
periments conducted at a considerable distance both horizontally 
and vertically from the City and South London Railway,with rough 
and ready magnetometric apparatus. have shown that it is possible 
torecord by this meansthe movements of the, trains. If sucha 
railway were to be run directly underneath a physical laboratory 
containing delicate apparatus, it would in the light of this experi- 
ment be obviously impossible for the ordinary investigations to be 
carried on. The line of route of the proposed railway between 
Paddington and Kensington will pass under the group of phys‘cal 
laboratories to be found at South Kensington, and it is on vhis 
account that those responsible for the scientific work carried on at 
these valuable institutions are doing what they can to prevent the 
passing of the bill. As an off set against this highly reasonable 
opposition to electric traction, I may mention that the inhabitants 
of the populous districts of Dulwich and Peckham, on the south 
side of the river, are petitioning the City and South London Rail- 
way to run a branch line through their neighborhood. 


The Electric Lighting of the City of Londou.—The 
electric lighting of the city wasinaugurated with considerable cere 
mony this week by the Lord Mayor of London laying «he founda- 
tion stone of a “junction box ’’ just outside the Mansion House, 
where the mains of the two companies which contracted to light 
the city will be united. The ceremony was followed as usual by a 
lunch at the Cannon Street Hotel, and among the speakérs were 
Lord Thurlow, the chairman of the Brush Electrical Engineering 
Company, the Duke of Marlborough, one of the directors of the 
same company, and Mr. W. H. Preece. In the course of the num- 
erous speeches made by representatives of the corporation of the 
city of London, great efforts were made to show that the corpora- 
tion of the city of London had not been backward in introducing 
electric lighting, but had only delayed adopting it, owing 
to the want of reliability and efficiency of the light itself. 
In support of this statement it was urged that the question of 
electric lighting had been constantly before the committee of the 
corporation since March, 1878, since when no less than 39 reports on 
the subject had been presented to the corporation, and in the early 
days of electric lighting, namely, 1881, something like £12,000 had 
been spent in experimental street hghting. Mr. Preece madea 
characteristically humorous speech, and said he was within a 
measurable distance of realizing one of the great ambitions of his 
life, which was to see the city lighted by electricity, and he was of 
the opinion that when the scheme was carried out inits entirety the 
streets of the city of London would be the best lighted of any in the 
world. 





Answers to Correspondents. 


Questions to be answered in this column must be of general elec- 
trical interest, and must be accompanied by real name and address 
as a guarantee of good faith. No notice will betaken of questions 
regarding apparatus unless enough details are given to permit 
a definite answer, and no dynamo or motor designing will be done. 


A Constant Reader.—The following rule for wiring is much 
more simple than the one you have been using, which, though 
presumably correct, has no special advantages. In another note in 
this column we give asimple rule for 50-volt work, and a general 


rule as follows: des 
——- = Cm, 


l 
where d equals distance, ¢ equals current in ampéres, / equals 
loss in volts, and Cm equals circular mils. The number 45is a 
constant. 





Lam p-hours.—l notice an article on lighting economy in THE 
ELECTRICAL WORLD of Jan. 3, 1891, in which the phrase *‘one cent 
per lamp hour is used.” Does this mean a meter register ? 

KINGSTON. 

The term “‘one lamp hour” means that one 16 c. p. lamp has run 
for one hour, and the majority of meters are arranged to register 
“1” for each 16 c. p. lamp running one hour, two 16 c¢. p. lamps run- 
ning one-half bour, for four lamps running a quarter of an hour, and 
so on. The current (ampéres) causes an electromagnetic or electro 
chemical action, which produces either a mechanical registering 
movement or gives us a record by chemical mens; and the 
time for which the lamps run determines, with the current strength, 
the value of the record, asampéres multiplied by time represent- 
ing the quantity of electricity. 


Resistance of Aluminium Wire.—Can you let me know 
through your paper what is the resistance in ohms per thousand 
feet of aluminium wire Nos, 20 to 25 inclusive? H.C, 

The exact value expressing the resistance of the metal aluminium 
is not beyond dispute, and the resistance of your wire if calculated 
from existing data of relative conductivities will be according to 
the table used. In “Jahresb der Chemie,” 1881, we find the follow- 
ing numbers given for the relative conductivities of copper and 
aluminium: Copper, at 0°, 45.74; at 100°, 33.82; aluminium, at 0°, 
22.46; at 100°, 17.31. M. Margottat gives the following without refer. 
ence to temperature: Copper, 100; aluminium, 51.5. For relative 
conductivities of commercial copper and commercial aluminium 
Professor Mattherson gives, without reference to temperature: 
Copper, 77; aluminium. 33.76; Watts gives: Copper, 90; aluminium, 
56.1, And Benoit’s measurements, which were made with exceptional 
care and for which is claimed accuracy, give relative conductivi- 
ties of these metals, annealed, and at the temperature of 0°: Copper, 
90; aluminium, 50; and using these latter figures, if we calculate 
from a copper wire resistance table we have for the resistance in 
ohms of a 1,000 foot aluminium wire approximately the following: 
No, 20, B. & S. gauge—19.019 ohms; No. 21,—23.981+ oums; No. 22, 
~~30.238+- ohms; No, 23—38.133 ohms; No. 24,—48,0834- ohms; and No. 
25, —60,.631-+ ohms, 


THE ELECTRICAL WORLD. 
News of the Week. 


THE TELEGRAPH. 


The Annual Meeting of the Vermont International 
Telegraph Company was held at St. Johnsbury last week. 
The following-named were elected: Franklin Fairbanks, president; 
George W. Hendee, secretary: E. A. Silsby, superintendent—all 
re-elections. 


Mr. Jay Gould, in an interview down south, said: “Work by 
government telegraphs costs more than that by private companies. 
The English service is the best government system. On the conti- 
nent of Europe it costs two or three times as much to telegraph as 
with us, and it is slower. The Western Union is the most efficient 
service in the world.” 


A New Ocean Cable.—A cable dispatch from Paris says: “‘A 
group of French and English bankers have signed a contract with 
the Paris & New York Cable Company whereby they acquire a 
large amount of the obligations of the latter. The capital thus 
realized is to be employed in laying a cable from New York to 
Puerto Plata.” At the office of the French Cable Company here 
nothing was known of the reported transaction. The officers here 
are operative rather than executive and such a scheme might be on 
foot without their knowledge. 











THE ELECTRIC LIGHT. 


ida Grove, Ia., is asking for electric lights. 
Ishpeming, Mich., is to have electric lights. 
Laketand, Fia., will soon be lighted by electricity. 
Newark, 9@., is to erect another electric light plant. 
Martinsville, Ind., is to have a street lighting plant. 
Creal Springs, Hl., is to have an electric light system. 


The Girard College light plant has been enlarged and im- 
proved. 

Grifiensburg, Pa., electric light plant is now in successful 
operation. 

Chana, I1J., is to have electric lights, the plant to be put up 
early next spring. 

Maywood, Ill., plant has been started, and the lights are 
giving satisfaction. ° 

Monticello, Eil., city council has adopted the arc electric light 
system, with 2,000 c. p. 

Wallingford, Conn., municipality is considering the question 
of having an électric light plant. 





Quakerstown, Pa., passed an electric light proposition, and 
will have a plant at an early date. . 


Metropolis, Hll., is to have electric lights should the plant to 
be at Creal Springs, Ill., prove a success. 


Wheeling, W. Va., electric light bill has been amended ina 
way which, it is claimed, will destroy the measure. 

Denver, Col.— A 1,000 light plant of the Mather system has just 
been completed for the Windsor Hotel by Mr. B. H. Fisher. 


Fairbury, }11., electric lights were started on last week. The 
cost of these lights to the town is but 90 cents each per month. 


Watseka, I)l., electric light plant is completed and the lights 
have been turnedon. The plant is said to work very efficiently. 


Creston, Ia.—The City Council of Creston has granted A. H. 
Spurr the privilege gf putting in an electric light plant in that 
city. 

Princeton, N. J.— At the meeting of the city council last week 
a 15-year franchise was granted to the Princeton Lightand Power 
Company. ° 

Bath, N. Y.—The trustees of this village wish to secure bids 
for establishing an electric light plant and desire to open the bids 
by March 15, 

Pittsbugh, Pa.—The Monongahela Electric and Power Com- 
pany, of McKeesport, has awarded the Edison company the con- 
tract for a $30,090 plant. 

The Reliance Electric Lighting Company, of Windsor, 
Mich., is endeavoring to organize a stock company to operate a pri- 
vate lighting plant in that town, 

Bu fialo, N. ¥.—The Consolidated Gas and Electric Light Com- 
pany has bought a new electric light plant for the streets and 
will immediately have it put in operation. 

Government Plants.—The Treasury Department, at Washing- 
ton advertises, for bids for vost-offic eplants for the towns of 
Williamsport, Pa., and Wilmington, Del. 


The Bristol (Tenn.) Light and Power Company has 
purchased the electric ligh t plant and will at once erect gas works 
operating both plants for light and power. 


Harrison, 0.—Messrs. Horn & Coons, the contractors for the 
water-works and electric lights, arrived here last week from Chi- 
cago, and will commence work immediately. 

Puliman, Wash., now has a fine electric light plant. The tIn- 
candescent dynamo is of 300-light capacity, and the are machine 9 
lights. The plant is of the Thomson-Houston system. 


Independence, Ore., has an electric light plant of Edison 
system, which gives great satisfaction. The Edison Company has 
one of its new arc machines also installed in the above town. 

Albia, Ia.—The mayor and councilmen of Albia were in Center 
ville, Ia., last week investigating the electric light and gas plant, 
preparatory to putting in one of similar construction in their own 
town. 

Champaign, I11.—Messrs. Wright & Son, of Urbana, IIl.,have 
been granted the right to operate a system of incandescent electric 
lighting in this city. They expect to have the plant in operation in 
a few weeks. 


Olathe, Kan.—The city council last week granted to S. Ferd 
Howe, of Kansas City, a twenty-year exclusive electric light fran- 
chise. Work is to begin within 20 days, and to be completed within 
90 days thereafter. 

Atianta, Ga.—The power station now being erected by the 
Georgia Electric Light and Power Company is rapidly approaching 
completion, It is estimated that the cost of the building alone, 
exclusive of all machinery, will reach $100,000, ° 


Reynoldsville, Pa., Mines to be Lighted.—The Bell and 
Yates Company will put in an electric plant at its large collieries at 
Reynoldsville, Pa., for the purpose of lighting the mine. The object 
is to guard against explosion from gases or fire damp. 

Denver, Col.—The Edison Company has just finished installing 
a lighting plant at Idaho Springs for the Commonwealth Mining 
Company in the latter company's Little Mattie Mine and Concen- 
trator Works, Mr. F. C, Marsh, M. E., had charge of the work, 
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THE ELECTRIC RAILWAY. 


Anniston, Ala., is to have its electric railway in three 
months. 

Detroit, Mich.—The electric railway companies of Bay City 
and West Bay City have each appointed a committee to consider 
consolidation. 


Motor vs. Horse.—Now, at the end of sixty years, the capital 
invested in horse railroads is $58,000,000, and at the end of five years 
the capital invssted in electric roads is $50,000,000, 


Fire in a Power Station.—The extensive and finely equipped 
plant of the Duquesne Traction Company, at Pittsburgh, Pa., was 
burned last week. Eleven 75-kilowatt. dynamos were destroyed. 


Deering, Me.—At the last meeting of the municipal officers of 
the town it was voted unanimously to allow the city railroad com- 
pany of Portland to run cars propelled by electricity in that 
town. 


Plainfietd, N. J., is considering an overhead street railway 
project. Last week the members of the city council went to Newark 
and viewed the workings of the Springfield avenue railroad. Three 
lines are proposed. 


The Portland (Me.), Consolidated Electric Light 
Company will furnish the power for the running of the electric 
railway between Portland and Deering. The company will put a 
a 250 h. p. boiler in the works on Plum street. 


Still Another Road for Pittsburgh.—T*te latest elecirica! 
road talked of in the vicinity of Pittsburgh is one planned to con- 
nect the two popular suburbs of Swissvale and Wilkinsburg. 
Nothing very definite, however, has yet taken place in regard to 
the scheme. 


The Pittsburgh Traction Company is determined to be 
fully abreast of the demands upon it by its patrons and is making 
preparations for next summer’s business by the provision of 20 open 
summer cars. The cars are now being built in Philadelphia and 
will be ready for use in due season. With the addition of these 
20 cars, the Pittsburgh company will have about 75 cars in all with 
which toaccommodate its large and growing traffic. 


Chicago, i11.—The first car over the new electric Cicero and 
Proviso Railroad was run last week with success. The car started 
from the power house at Ridgeland, traversing Lake street to For- 
tieth, thence to Madison, thence to Harlem avenue, thence to Lake 
and back to the power house again. The distance traveled was 
about 10 miles, and the time consumed just 40 minutes. The formal 
opening of the road will take place next week some time, but the 
day is not yet fixed. 


The Metropolitan Electric Railway Company, oi 
Springfield, Mo., has just finished the equipping ofits road with the 
Westinghouse system. The line is 17 miles in length, is handsome 
ly constructed with the trolley equipment and fitted with 15 cars. 
The cars, which are of the vestibule pattern, are arranged on 
trucks with twol15h. p. Westinghouse motors and are 27 feet in 
length. The grades met with upon this line vary from three to ten 
per cent. Three 80 h. p. generators supply the power. 


The Troy and Lansingburgh Railroad is being equipped 
with a number of new motor cars. Two large and powerful dyna- 
mos, to be placed in the new power station in Troy, have also been 
ordered. The site for the new power station in Troy has not as yet 
been fully decided upon, but it is expected that it will be in read- 
iness by the middle of June. As soon as the weather permits the 
electric road will be extended to the Iron Works, South Troy. New 
cars are also being made at the Green Island and West Troy car 
works for the T. & L. road. 








~—LBGAL NOTES. 


Union Pacific Company Wins.—The government has lost 
its suit against the Union Pacific Railway Company and the West- 
ern Union Telegraph Company to recover $12,495.62 rebate on mes- 
sages sent by the government over the telegraph lines. Judge Lar- 
combe has handed down a decision that if the government wanted 
its messages sent over the bonded lines it should have so stipulated. 


Injunction Denied in the Railway Trolley Matter.—In 
the proceedings brought by John W. Decker and others, property 
owners along the line of th: Harlem Bridge, Morrisania and Ford 
ham Railway Company in this city, to prevent that company from 
adopting the trolley system of electrical transportation, on the 
ground that their consent was obtained by fraudulent representa- 
tions, Judge Ingraham has refused to grant the injunction. 


Contributory Negligence Decision.—Where an electric 
light wire has become detached and lies across a sidewalk, the 
fact that it is daytime and the wire is plainly visible will not, asa 
matter of law, raise a presumption that one who siumbles over it 
and falls must have been guilty of contributory neg!igence because 
the wire was not seen and avoided. This would be practically re- 
lieving the company from all liability for the care of its wires. 

(Brush Electric Light Company v. Kelley, Supreme Court of In- 
diana, 25 N. E. Rep., 812.) 


EDUCATIONAL NOTES. 


DEPARTMENT OF ELECTRICAL ENGINEERING, | 
CORNELL UNIVERSITY, Feb. 21, 1891. / 


G. D. Hulett, ’89, is at Sodus, N. Y., engaged in electric railway 
work. 

Cc. A, McAlister, 87, is located at Washington, D. C., in the 
Navy Department, Bureau of Engineering. 


Mr. Holloway, of the Worthington Hydraulic Company, wil! 
give a lecture before the Sibley students. 

Mr. Mac Neil, formerly instructor in drawing here, is studying 
art in the National School of Art at Paris. 


Mr. H. C, Spaulding, of the Thomson-Van Depoele Electric 
Mining Company, will speak before the Electrical Association on 
the products and work of that firm. 

Mr. Calvin Humphrey, R.G., has accepted the position of 
superintendent of the Englewood, II1., electric light plant, and has 
severed his connection with the Westinghouse firm. 


Frank C. Perkins, 91, has let the contract for the publication 
of his book of views of Cornell University to Mathews, Northrup & 
Co., Buffalo, N Y. Four thousand copies are to be printed and 
sent to members of the enginzering societies and public libraries of 
the country. 

Noise in A. C. Are Lamps.—The undulatory effect of the 
current in producing the “humming” of alternate current arc 
lamps is the subject of an investigation of Mr, G. F. Meyers and 
Mr. J.C. McMynn. They employ photographic methods of observ: 
ing the are, which is reflected in a revolving mirror. 

Horizontal Slit I> c‘ometer.—The performance of thé 
horizontal slit photometer is being tested in connection with the 
regular senior laboratory work under the direction of Mr. Genung. 
The results obtained from this test will be presented by Professor 
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Nichols at the next annual meeting of the American Institute of 
Electrical Engineers. 


Mr. F. J. Rogers, BR. G., is making a study of the quality 
and efficiency of the magnesium light. The experiments show a 
much higher efficiency than that of gas, notwithstanding the 
higher price of magnesium. 


New Iron Pole.—<A test has been made inthe mechanical 
laboratory of an iron electric light pole, manufactured by Milliken 
Bros., New York. The pole proved to be vastly superiorto wood 
as to strength and flexural stiffness. It finally yielded by buckling 
at the “point of setting; that is, about five or six feet from the 
large end. The pole is to be stiffened at this point and tests of four 
or five more poles will be made. 


Professor Ryan requires of every senior, as part of the regu- 
lar term’s work, the design of a complete electric lighting plant 
and station for some town or city, the data to be based upon the 
actual requirements of the case. The location of the station is 
made by consulting the city map, commercial considerations, etc., 
being taken into account. The design is to contain complete plans 
and specifications, estimates of cost of installation and mainte- 
nance, also estimates and desigus for wiring certain buildings or 
blocks. During the past week tests have been made of various 
steam plants about the city by seniors under the charge of Profes- 
sor Carpenter. 


Secretary Windom had, just before his death, completed ar- 
rangements with three members of the American Society of 
Mechanical Engineers—Messrs. Theo. Ely, ef the Pennsylvania 
Railroad; F. A. Pratt, of the Pratt & Whitney Company, and 
Prof. Robert H. Thurston—to serve as members of a commission to 
determine the questions arising in the proposed construction of an 
extension of the Treasury vaults to accommodate the silver to be 
coined, and thus transferred from the deposits among the Rocky 
Mountains to the form of deposits to be hoarded at Washington; 
but that matter is now in abeyance, awaiting the appointment of 
his successor. The absence of Mr. Pratt in Europe was the cause of 
the delay of the matter originally. 


Lecture Course.—A number of instructive lectures have been 
delivered before the Cornell Electrical Association recently. 
Prof E. L. Nichols occupied an hour pleasantly in speaking of his 
“Experiences in Edison’s Laboratory at Menlo Park.” The fail- 
ures and successes attendant upon the development of the incan- 
descent lamp were set forth by the speaker. ‘Characteristic of the 
man Edison,” said Professor Nichols, ‘‘wasthe fact that, at the very 
time when incandescent lamps were costing $5 to manufacture, 
he avowed that he could, and actually entered into contract 
to furnish them at 25 cents each.” Professor Nichols is 
a very pleasing speaker and always commands _ close 
attention. At the meeting following Prof. R. H. Thurston 
spoke in his usually interesting manner upon “ High Speed En- 
gines for Electric Lighting Purposes.” Professor Thurston is the 
author of a book of the above title, and his knowledge of ,the sub- 
ject is in every way complete. His lecture was fully illustrated by 
lantern slides. Professors Moler and Ryan also each occupied an 
hour before the association, the first upon “‘ Storage Batteries” and 
the latter upon “Drum Armature Winding.” Both were highly 
appreciated. The lectures for the next few weeks will be by non- 
resident speakers. The interest taken in the meetings of the asso 
ciation has been greatly augmented by the course of lectures in- 
augurated this term, Ss. G. P. 





PERSONALS, 


Mr. 0. C. Hall, superintendent of the Thomson Electric Weld- 
ing Company, at Lynn, Mass , has tendered his resignation to accept 
a similar position in the West. 


Mr. George O. Fairbanks, the genial representative of the 
Westinghouse Electric Manufacturing Company and its leased 
firms at Chicago, Ill., isin the city on business for the company, 
Mr. Fairbanks is a very popular man in electrical circles. 


Otto Maass, late United States Vice-Consul-General, now at F. 
W allfischgasse 10, Vienna, Austria, is desirous of receiving from 
various manufacturers catalogues and pamphlets with a view of 
giving a lecture course in that country upon American Industries. 


Prof. John Daniel, of the Vanderbilt University physical 
laboratory, lectured to a crowded house in Nashville, Friday 
evening, Feb. 13, on “* Some Practical Applications of Electricity.” 
The lecture was illustrated by experiments, making useof motors 
dynamos, converts, etc. 

Wr. W. G. Sellers, for several years with the Complete Con- 
struction Company, of this city, accepted a position on Feb. 1 with 
the Safety Insulated Wire and Cable Company, of New York. The 
colonel isa popular man, well known in the electrical sphere, and 
will no doubt receive a large share of business. 


‘Mr. Chas. F. Scott, of the Westinghouse Electric and Manu- 
facturing Company’s laboratory force, delivered an address before 
the Engineers’ Society of Western ' ennsylvania recently, upon the 
subject of the use of Tesla motors in coal mining. A large audience 
listened with interest to Mr. Scott's instructive lecture. 


“Wr. Frank Anderson, the artist, who died at Peekskill, N. 
Y., Feb. 19, was known to many electricians by his inventions in 
the electrical line, particularly in connection with automatic 
telegraphy. He was one of the inventors of the rapid system. His 
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U. 8S. PATENTS ISSUED FEB. 17, 1891. 


446,417. Conduit Electric Railway; Edward M. Bentley, 
of New York. Application filed Oct, 13, 1887. A double-track 
conduit system of electric railways, naying a housed main line 
conductor pertaining to each track, and a branching line conduc- 
tor switching from one of said main line conductors and crossing 
the other, and a brakein said switching conductor to allow the 
free passage of the contact device along the main line. 


446,418. Electric Line Switch; Edward M. Bentley, of 
Boston, Mass. Application filed Feb. 15, 1890. An electric railway, 
having adjacent sections of a line conductor suspended above 
the street, normally connected together electrically to form one 
of the branches of a two-wire circuit between which the motors 
are in multiple arc, and a switch pivoted upon the upper side of 
one section, out of the path of travel of the contact device and 
permanently in circuit therewith, and adapted to make and break 
contact with the other section. 


446,419. Electric Railway Conduit; Edward M. Bentley, 
of Boston, Mass, Application filed April 9, 1890. In an electric 
railway, a slotted conduit. for the supply conductor, a series of 
catch pits along the said conduit, insulators in said catch pits, 
and connections therefrom to the said conductors by means of 
which it is supported. 


446,420. Contact Device for Electric Railways; Ed- 
ward M. Bentley, of Boston, Mass. Application filed July i, 
1890. A transverse guide having a contact device connected by a 
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brother, Mr. Homer Anderson, isa manufacturer of electrical ap- 
varatus at Peekskill. 


Col. W. P. Canaday, ex-sergeant at-arms of the Senate, who 
is now practicing law in Washington, D. C., has been offered a 
lucrative position as representative of an electrical company of the 
United States in China. It is believed that his long experience as 
an official of the Senate and his wide acquaintance with public 
men in this country will make him a valuable representative of 
the company. 





MISCELLANEOUS NOTES 


The Gamewell Company Victorious.—The commissioners 
of the District of Columbia have awarded the Gamewell Fire Alarm 
Company the right to supply the fifth and eighth police precincts 
with police telephone and signal systems, that company being the 
lowest bidder by more than $1,000. 





Conservation of Energy.—The following is from New Jer- 
sey: “Certain roots in the ground change the light and heat of the 
sun into grass; a cow eats the grass and converts it into flesh; man 
kills the cow and converts it into brain and muscle; with his brain 
and muscle he invents and runs the dynamo, and the dynamo gen- 
erates electricity and produces the electric light.” 





Industrial and T rade Notes. 


The Eastern Electrical Supply and Construction Com- 
pany has opened a branch store at 64 Bromfield street, Boston, 
Mass., exclusively for retail trade. Mr. A. C. Boardman will be in 
charge. 

The Sunbeam Incandescent Lamp Company, of Chi- 
cago, is installing an additional 200 h. p. engine. With this increase 
of power plant the company will be in better condition to meet the 
increasing demands for the “Sunbeam” lamp. 


The Shultz Belting Company, of St. Louis, Mo., publishes 
a new pamphlet showing the old and the new style of leather link 
belt manufactured by the company. The “Shultz style’’ belt has 
as much friction surface upon the under or pulley side as ordinary 
belting. 

The Toronto Construction and Electrical Supply 
Company, of Toronto, Can., wholesale dealers in electrical ma- 
chinery, supplies and apparatus, has issued a neat pamphlet 
descriptive of the company’s work and giving a list of the officials 
and directors. 

Mr. Samuel T. Williams, of Baltimore, builder of the well- 
known Williams Automatic Engine, has recently installed a large 
number of his engines in electric light plants. Mr. Williams now 
makes nine sizes of engines, five of horizontal pattern and four of 
vertical pattern. 


Mir. James H. Mason, of Brooklyn, inventor of the ** Mason” 
primary battery. has been very successful in lighting carriages 
with his battery, ten small cells having operated several three 
candle power lamps nicely. His battery is also being extensively 
used in magic lantern work. 

The Clark Electric Company, of 192 Rreadway, New York 
City, isthe manufacturer of a new are lamp of very beautiful de- 
sign. No racks are used to support or hang the globe, the glass 
being closed at the bottom and held by its upper rim, and the are 
being thus closed in the working of the lamp is perfectly silent. 


Mr. Frank Fairbairn, of 706 State street, Erie, Pa.. is the 
inventor of a new trolley for electric street railways. The main 
feature is the bail bearing which reduces the friction, and some 
tests of this trolley made recently show a great saving in the 
trouble of frequent oiling. The weight with harp is but three 
pounds. 

Whe Crescent Insulated Wire and Cable Company has 
located at Trenton, N. J., where it will manufacture superior 
seamless insulated wires and cables. Mr. C. Edward Murray is 
president of the company, Mr. Richard R. Whitehead is vice-presi- 
dent and treasurer, and Mr. Thomas B. Reed is superintendent and 
electrician, 

The Thomas Murray Company has contracted to build 
and equip the Schilles street line for the Consolidated Street Rail 
way Company of Columbus, O., in addition to the company’s pres- 
ent work at that point. Mr. John Mellens, seeretary of this com- 
pany, is now on a business trip west that bids fair to result in some 
very good contracts. 

The Electrical Construction and Supply Company 
exhibited at the convention its new “Ward” are lamp for alter- 
nating circuits, which attracted much attention. The ‘* Ward” 
lamp is run over a 50 volt alternating current, and the steady soft- 
ness of the light of this lamp makes it one of the most desirable arc 
lamps upon the market, 


The Denison Electric Manufacturing Com pany has 
been formed. and will locate in Providence, R. I., with offices at 21 
Parade street and factory at 47 Sprague street. The company will 
manufacture underground conduits and insulated wires and cables, 
of which Mr. Russell A. Denison is the inventor. Mr. Deniscn is 
also president of this company. 


The Jerome Kidder Manufacturing Company has re- 
cently received from A. C. Davison, of Jefforson City, Mo., the fol- 
lowing commendatory letter: “I have batteries of five different 
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traveler having both transverse and rotary movements relatively 
to the guide. 


446,424. Telegraphy ; Robert G. Brown, of Brooklyn, As- 
signor tothe Standard Multiplex Telegraph Company, of New 
York. Application filed March 6, 1886. A synchronous telegraph 
having a pair of trailers, one at each end of a main line; a pair of 
adjoining segments at each end of said line, over which the trail- 
ers pass, respectively, the first of each of said segments being 
connected to earth through the back stop of a transmitter, and 
to a battery through the front contact of said transmitter, and a 
receiving relay connected to each of the second of said segments. 


446,125. Telegraphy 3} Robert G. Brown, of Brooklyn, As- 
signor tothe Standard Multiplex Velegraph Company, of New 
York. Application filed March 6, 1886. The method of transmit- 
ting messages in either direction at will overa single main line 
connecting two or more multiplex synchronous telegraphic 
apparatus, consisting in causing the transmitted impulses to be 
set up over the line while the receiver is disconnected therefrom, 
and receiving said impulses through the receiver while the 
transmitting generator is disconnected therefrom. 


446,428. Contact-Trolley tor Electric Railways; James 
B. Cahoon and Isaac F, Baker, of Lynn, Mass., Assignors to the 
Thomson-Houston Electric Company. of Connecticut. Applica- 
tion filed July 3, 1890. A contact devise for engagement with a 
suspended electric line conductor, combining an upwardly 
extending trolley arm or pole, and an automatically detachable 
contact maker carried thereby. 


446,459. Electric Are Lamp; John Arthur Mosher, of 
Abilene, Kan., Assignor to the Mosher Arc Lamp Company, of 
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makes. I prefer your make to any others Ihave. Your Faradic 
machines give a more agreeable current, and the different currents 
are easily controlled to suit the condition.” 


The Walworth Manufacturing Company, of Boston, 
Mass., has about completed its new worksin Pittsburgh for the 
manufacture of electric light poles. Already orders have been re- 
ceived for 25,000 poles of this company’s manufacture. 


The National Conduit Manufacturing Company, of 
the Times Building, New York, have issued a circular letter calling 
attention to its wrought-iron cement-lined pipe. In the summer of 
1887 this cumpany laid for the Consolidated Telegraph and Electrical 
Subway Company of New York 160,000 feet of the “National’’ con- 
duit, which is to-day in as good a condition as when first put down. 


Mr. C. S. Van Nuis, of 74 Cortlandt street, New York, is the in- 
ventorand manufacturer of a new lightning arrester possessing 
many novel features. It is of the mechanically rotating type, the 
melting of a fuse unlocking a spring and thus breaking the arc, at 
the same time throwing into place a new fuse making the arrester 
again ready for action. One style of the Van Nuis arrester carries 
six fuse wires. 


The Empire China Works, of Greenpoint, L. I., has a num- 
ber of novelties in the way of cut-out rosette and switch porcelains 
which are worthy of special mention, more so because the goods 
are well made and very dense in composition. A dearth of goods is 
being manufactured by non-reliable companies under the name of 
porcelain, which is nothing else than earthenware so porous that 
its insulating qualities are very bad. 


The New York Insulated Wire Company, through Mr. 
J. W. Godfrey, general manager, will shortly offer the trade a 
complete system of wire ducts for interior wiring of buildings. The 
tubes or ducts are to be known as “ Vulcanoid Electric Wire 
Ducts;” the material is claimed to be non-inflammable, waterproof, 
a perfect insulator, unaffected by extreme heat or cold, and is 
pliable and smooth as glass. The compound is the invention of 
Mr. Geo. H. Meeker, the system of Mr. Noll, both of the company. 
[t is sufficient to say that the demand for vulcanoid electric wire 
ducts will fully equal that of the Grimshaw white core wire. 


The Union Glass Company, of 36 India street, Boston, with 
factories at Somerville, Mass., has published a very handsome 
pamphlet giving Albertype views of the Union Company glass 
shade and globe designs. This company has established a most 
simple and yet complete system of cataloguing its goods. The arc 
lamp globes, for instance, are classed first in series as follows: ‘‘10’’ 
series, clear glass; ‘‘20” series, opal glass; “30” series, all roughed 
glass; “40” series, roughed below, and so on. Next the globes are 
classed in letters, according to the shapes, and again the sizes are 
given. The goods of the Union Glass Company are well known 
among the electric light people of the country. 

The Messrs. Partrick and Carter Company has a new 
store room which is among the most complete and attractive to be 
seen in Philadelphia. It is 120 feet long, anda very large stock of 
almost everything pertaining to the electrical business is to be found 
here. The goods are placed upon the shelves in the most systematic 
manner; a feature being the lettering of all the drawers and cup- 
boards on one entire side of the store, a walk along the 120 feet pre- 
senting to the eye a regular catalogue of electrical supplies, which 
will often serve asa reminder of something which a customer 
wants, but has for the moment forgotten, The firm is about com- 
pleting arrangements to add to its line of electric light supplies, and 
will shortly carry in stock many specialties in the way of cut-outs, 
switches, etc. 

The Eureka Tempered Copper Company, of North Kast, 
Pa., has received some very valuable additional commendatory 
letters for its goods; one from the South Tredegar Iron Company, 
of Chattanooga, Tenn., recommending the bearings of this com- 
pany’s metal; one from the Merriton & Thorold Electric Railway 
Company, of St. Catherine, Ont., recommending the Eureka tem- 
pered copper for commutators, bars and pinions; a communication 
fromthe Watertown Steam Engine Company, of Watertown, N.Y., 
speaking of the merits of the Eureka goods in general; and one 
from the Latrobe Electric Light Company, of Latrobe, Pa. This 
latter company has been using tempered copper commutator seg 
ments and brushes, and says that the Eureka copper far excels 
brass in every way, having better electrical conductivity, with 
greater hardness and being lower in price. 
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Business Notices. 

MUNICIPAL ELECTRIC LIGHTING AND POWER COMPANY, \ 
OFFICES, 322 Pine street 

Plant, 19th and Gration streets. | 


James Campbell, president; J. G. Kelly, secretary and treasurer 
Jas. I. Ayer, general manager. 
St. Louis, Jan. 23, 1891. 


The Nubian fron Enamel! Company, Chicago, Ml. 
GENTLEMEN: We have used your “ Electric Black” and also other 
brands with much satisfaction. For painting iron work exposed to 
the weather we have found it superior toanything we have ever 
used, The same is true of the paint which you furnished for pairt- 
ing hot iron. It has stood perfectly and been very severely 


tested. 
Yours truly, 


Jas. I, AYER, 
General Manager, 


TRICAL PATENTS 


same place. Application filed 8, 1890. An electric arc lamp 
having a tube and carbon rod or holder provided with a piston- 
head movable in said tube and a disc extending around the tube; 
a solenoid depending from and secured to said disc, and the mag 
net-core movable on and guided by the carbon rod or holder, the 
mooted disc carrying the main binding-posts and movable on the 
tube, 


446,475. Electric Bailway; Nicholas Seibert, of Maldenn 
Mass. Application filed May 5, 1890. In electric railways, a maie 
truck in combination with a supplemental wheeled framd 
su-pended therefrom and a roller-bearing between the main ant 
supplemental frames, whereby the latter have an independen, 
lateral movement. 


416,477. Moisture:-Protection Hood for Lamps; Andrew 
Shillinglaw, of Chicago, Il]. Application filed May 22, 1890. A 
moisture-hood for electric lamps having an inverted funnel over 
the lamp with an en arged screw-threaded portion thereon and a 
suspending cap screw-threaded and adapted toreceive such por- 
tion and to engage a suspending hook. 


446,483. Electric Railway Conductor; Elihu Thomson, 
of Lynn, Mass. Application filed March 22, 1890. The invention 
consists in suspending the bare trolley wire or conductor below 
an insulated feeding conductor run parallel with it, the former 
being connected to the latter. 


446,489. Electrical Measuring Instrument; Edward 
Weston, of Newark, N. J., Assignor to the Weston Elec- 
tricai Instrument Company, of same place. Application filed 
March 17, 1888. A means of producing a field of force, such as a 
magnet, a movable body in said field, and a continuous mass of 





. 
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diamagnetic metal also in said field and connected to and oper- 
ating to retard or oppose the motion of said movable body. 


446,490. Bheostat; Edward Weston. of Newark, N. J. Ap- 
Ss filed Feb. 28th, 1889. The invention consists in a movable 
y of conducting material arranged and operating to traverse 

a continuous spiral, also of conducting material, the circuit-ter- 
minals being connected to said body and to one end of said spiral, 
= which means the length of the spiral interposed in the circuit. 
¢ wid main or shunt, may be regulated with accuracy and 

acility. 


416, 491. Electrical Measuring Instrument; Edward 
Weston, of Newark, N. J. Application filed May I2th, 1890. In 
an electrical measuring instrument, a stationary coil of flat or 
sheet metal, a Magee ge | or oscillating coil on diametral pivots in 
the fleld of force of said stationary coil, a spring opposing the 
movements of said vibrating coil, a fixed scale, and an index or 
pointer actuated by said vibrating coil over said scale, said coils 
being electrically connected in multiple arc. 


446,492. Electrical Measuring Instrument; Edward 
Weston, of Newark, N. J. Application filed July 1, 1890. In an 
electrical measuring instrument two independent means of pro- 





ducing a field of force and a conductor extending in inductive re- 
lation to both fields and having a portion of its length movable in 
one of them. (See illustration.) 


416,193. Electrical Measuring Instrument; Edward 
Weston, of Newark, N. J. Application filed Oct. 14, 1890. In an 
electrical measuring instrument, two coils having their longitud- 
inal axis in prolongation, one of said coils being supported in in- 
ductive proximity to and moving in the direction of its axis with 
reference to the other coil, a vibrating index needle, and means 
for transforming the axial bodily movement of said movable coil 
into vibratory movement of said index. 


446,494. Electrical Measuring Instrument; Edward 
Weston, of Newark, N. J. Application filed Oct. 16, 1890. In an 
electrical measuring instrument, a solenoid, a movable armature 
therein, a vibrating index, mechanism for transforming the axial 
bodily movement of said armature into vibratory movement of 
said index and means independent of said transforming mechan- 
ism for supporting said armature. 


446,508. Electric Lock; Edward J. Colby, of Chicago, Ill. 
Application filed May 6, 1899. The combination of a safe, with a 
bolt secured in the lid thereof, a magnet and armature adapted to 
lock the bolt when in position, « series of contacts and conductors, 
a portion of which contacts only are in circuit with the magnet, a 
second os pe whose armature is opposed to that of the first 
and which is connected with a portion of such contacts, and a 
third magnet whose armature is connected with the bolt and 
adapted to retact the same, which magnet is connected with a 
portion of such contacts. - 


416,515. Electromagnetic Cut-Out; Ludwig Gutmann, of 
Pittsburgh, Pa. Application filed Feb. 4, 1899. A system of 
electrical distribution consisting of an electric generator, a main 
or supply circuit connected therewith, a translating device, such 
as a converter, whose primary or energizing coils are connected 
with said main circuit, an electromagnetic cut-out interposed 
between the translating device and the main or supply circuit, 
and a secondary coil for said translating device in electric con- 
nection with a winding on said cut-out. 


446,527. Secondary Battery; Arthur Marie Laurent-Cély, 
of Paris, France, and Illius A. Timmis, of London, England. Ap- 
plication filed April 8, 1890. The process of forming material for 
secondary battery plates, consisting in fusing or melting chloride 
of lead, adding metallic zinc thereto, and subsequently running 
the mass into a large receiver and allowing the impurities of the 
mixture to fall to the bottom of the receiver. 


446,536. Commutator and Brush; Horace F. Parshall, of 
Baltimore. Md., Assignor to the Wenstrom Consolidated Dynamo 


& Motor Company, of Baltimore City, of same place. Application 





No, 446,536.—COMMUTATOR AND KRUSH. 


filed July 30, 1890. A reversible electric machine or motor baving 
a commutator provided with bars or sections connected with the 
wires of the armature and a pair of brushes arranged thereon, 
with opposite inclinations, ona making aliding. contact with the 
saine bar or section of the commutator. (See illustration.) 


446,544. Battery Compound; William Wright, of New 
York, N. Y., Assignor to the Wrights Denver and San Francisco 
Electric Light Company, of Colorado. Application filed May 12, 
1890. A product forcharging batteries, consisting of an electro- 
lyte containing a salt of aluminium or other aluminium com- 
pound treated with eulphuric acid and bichromate of soda. 


446,546. Electric Railway Signal; William 8. Cook and 
Moses Chalmer Cook, of South Omaha, Neb. Application filed 
Nov. 15, 1889 A system of railway signaling and telegraphy, 
consisting of a pair of overnead peralies signal conductors, each 
signal conductor bveing broken into sections, the sections of the 
two conductors overlapping a continuous overhead telegraph 
wire parallel with said signal wires; the hangers supporting said 
series of wires, each hanger supporting and insulating the three 
conductors from each other; a vehicle, a trolley trave ing there- 
with having separate insulated contacts running on said signal 
conductors and supporting the trolley and an insulated contact 
engaging the telegraph wire; separate circuits from the contacts 
engagivpg each conductor to the vehicle; signaling devices in the 
circuits from the signal conductors, and telegraphing devices in 
the circuit from the telegraph wire. 


446,549. Disc-Carbon Holder for Electric Lamps; 
Edwin C, Russell, of Boston, Mass. Application filed May 14, 
1890. A disc-carbon holder consisting of a spindle having a 
serew-thread and a conical enlargement at the inner end and a 
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pinion at the outer end, and with a split thimble connected to a 
screw-threaded collar. 


446,590. Glassware; Xaver Zgraggen, of Martin’s Ferry, O. 
Application filed June 23, 1890. This invention comprises a hollow 
article of glassware whose interior surface in lined with a com- 
pound metallic coati consisting of a chemically deposited 
meta film next to a ass, and an electro deposit of me which 
backs and protects said film. 


446,613. Controlling Switch for Electric ee werss 
Frank B., Rae, of Detroit, Mich., Assignor to the Detroit Electria 
Works, of same place. Applieation filed August 22, 1890. The 
invention consists of battery cells me in groups, and a 
motor connected with those cells and an inte controlling 
switch provided with contacts and brushes, and resistance coils 
connected with the contacts, whereby the groups of battery cells 
may be arranged in various relations. and the resistance device 
interposed between the groups to prevent short circuiting. 


446,614. Telephone con David Hall Rice, of Lowell, 
Mass., Assignor to the Currier Telephone Bell Company, of Mas- 
sachusetts. Application filed Oct. 15, 1891. This invention con- 
sists of a number of electrical circuits provided with individual 
call bells thereon adapted to be operated by synchronous pulsa- 
tions of electricity, each circuit being connected with a different 
number of cells of electric battery, and a vibrating calling mech- 
anism adapted to trausmit synchronous pulsations of electricity 
to ring one or more of said bells. 


446,623. Electric Switch; George R. Lean, of Boston, Mass., 
Assignor to the Bernstein Electric Company, of Portland, Me. 
Application filed May 12, 1890. Inan electric switch, a switch- 
arm and contact blocks thereof, springs for moving said switch- 
arm, and means for compressing said springs, combined with a 
locking device for the switch arm, consisting of arod, its inner 
end normally in the path of movement of the switch-arm, a sup- 
por therefor, independent of the switch-arm, and means for 
moving said support in advance of the switch-arm to remove the 
rod from the locking position. 


446,641. Amnunciator; John H. Elfering, of New Haven, 
Conn., Assignor of one-third toS. Harrison Wagner, of same 
place. Application filed April 24, 1890. A hotel annunciator com- 
prising an annunciator magnet, a vertically movable want slide, 
a vertically movable rack having the slide connected with it, a 
lifting paw] operated by the armature lever of the magnet, a re- 
taining pawl for holding the rack in its lifted position, and a stop 
located above the lifting pawl which engages with it and pre vents 
the rack from being moved more than one step upward at a time. 


446,655. Electric Conductor Connector; Heinrich Arld, 
of Nuremberg, Germany. Application filed Sept. 15, 1890. In a 
terminal or binding post, a socket having apertures through 
which wires can be passed, anda tapering plug in the socket, 

and means for drawing the plug into the socket. 


446,660. Carbon for Electric Lamps; William H. Burns, 
of Los Angeles, Cal. Application filed July 26, 1890. The inven- 
tion consists of a compound, composed approximately of ninety 
gore of triturated purified maltha coke and ten parts of semi- 
iquid purified maltha thoroughly incorporated therewith, and 
the resultant mixture then molded under pressure. 


446,661. Magneto Electric Machine ; George P. Clark, of 
New York. Application filed Aug. 23, 1899. An electrical casket 
having, in combinaiion with the inclosing case, the main shaft, 
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actuating spring or springs, connected armature, magnet, circuit 
breaker, and a permanent hand electrode and a removable hand 
electrode, electrically but loosely connected to the driving shaft. 


446,666. System of Electric Lighting; Thomas A. Edison, 
of Menlo Park, N. J., Assignor to the Edison Electric Light Com- 
pany of New York. Application filed June 26, 1882. The com- 
bination, with a circuit and arc lamps arranged for connection in 
series therein of secondary batteries charged from such circuit, 
and incandescing electric lamps worked from the secondary bat- 
teries, switches for cutting in secondary batteries and cutting out 
the arc lamps, or vice versa, and electromagnets connected with 
the main circuit for controlling said magnet. 


446,667. Locomotive for Electric Railways; Thomas A. 
Edison, of Menlo Park, N. J. Application filed Ang. 7. 1882. The 
combination of a car or truck, an electric motor mounted thereon, 
a countershaft having pulleys, a top belt from the armature shaft 
to said counter shaft and a loose belt from said counter shaft to 
a car axle, and a belt tightener for the latter belt. 


416,668. Electric Are Light; Thomas A. Edison, of Menlo 
Park, N. J., Assignor to the ison Electric Light Company, of 
New York. Application filed August 7, 1882. The invention 
comprises the electrodes of an arc lamp and two electromagnets 
or solenoids acting, one to lift and the other to lock the u ~~ 
electrode, the locking magnet or solenoid being more sensitive 
than the lifting magnet or solenoid, and both magnets or sole. 
noids being located in series with the electrodes of the lamp and 
controlling the arc by their combined action. (See illustration.) 


446,669. Thomas A. Edison, of Menlo Park, N. J., Assignor to the 
Edison Electric Light Company, of New York. Application filed 
March 16, 1883. <A filament for forming the flexible carbon incan- 
descent conductor of an electric lamp, having a number of fine 
filaments welded together by a binding agent consisting of a 
viscous carbonizable gum. 


446,703. Electric Fire-Engine; Mark W. Dewey, of Syra- 
cuse, N. Y., Assignor to the Dewey Corporation, of same place. 
Application filed July 7, 1890. This invention consists in providing 
an electric fire-engine with a secondary battery to be carried 
thereon to supply current to the electric motor on the engine, and 
in providing means whereby the electric motor on the engine for 
operating the pump may be disconnected from the pump and con- 
nected to the engine to propelit when desired, as it is not neces- 
sary to operate the pump when the engine is being propelled to 
and from the fire. (See illustration.) 


446.704. Magnetic Pulp Separates) William C. Edwards 
of Holyoke, Mass., Assignor by direct and mesne assignments of 
one-half to Roswell . Fairchild, of same place and Oscar 8. 
Greenleaf, of Springfield, Mass. A pation filed Sept. 29, 1890, 
In a pulp separator, combination, with a separator through, of the 
settling box below and connected at the upper part thereof with 
said trough, the supply pipe entering the lower end thereof and 
cross bars arranged alternately on opposite sides of said box 
above the supply pipe, one or more of said cross bars being mag- 
netic. : 


446,706. Amalgamating Apparatus; Thomas Gemmel, of 
London, Eng. Application filed Dec. 12, 1889, Is an amalga- 
mator, a mercury holding vessel, a pipe extending within the 
said vessel to near its bottom to convey ore from a point exterior 
of the vessel to a point below the contained mercury, the lower 
end of said pipe being flaring and epee turned. a porous cell 
ge by the upturned portion of said pipe, and an electro- 
lyte, and an anode in the porous cell, combined with an electric 
generator and wires leading from the opposite pole of the gen- 
erator to the anode and the mercury. 


446,712. Electric Call Bell: David Hall Rice, of Lowell’ 
Mass., Assignor to the Currier Telephone Bell Company. Appli- 
cation filed Nov, 16, 1881. In combination with a hammer co-oper- 
ating with means which vibrate it by a broken or undula 
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current sent from a distant station on the line, and its m et, an 
automatic mechanism operated by the hammer and producing a 
broken or vibratory electric current through the magnet. 


446,727. Pyro-Chemical Battery; John Blair, of North 
Carolina, and Alexander G. Hunter, of Dundalk, Ontario, Canada. 
Application filed July 25, 1890. In a pyro-chemical battery, a cell 
communicating with a gas-charger charged with material in 
which a chemical transfer of elements is caused by the applica- 
tion of heat, and a gas evolved capable of acting on an iron plate, 
and one or more composite plates fixed in said cell, each formed 
of an iron plate separated from two carbon plates by prepared 
septa or partitions and clamped together, the ascending gas gen- 
erating by means of said composite plate or plates and connect- 
ing wires a current of electricity. ; 


446,730. Induction-Cotl; Fred H. Brown, of Chicago, Il. 

Application filed July 21, 1890. An induction-coil comprising flat 

ls arranged end to end on the core, and wound, respectively 

ith the primary and secondary wire strips of iron being inter- 

5 between the layers or coils of the primary, and the 

rheotome or break-piece arranged to vibrate over the core and in 
circuit with the condenser and primary. 


4463732. System of Electric Calls; Jacob B. Currier and 
David Hall Rice, of Lowell, Mass. Application filed Nov, 13, 1882. 
In:combination with a m et_ connected to the battery and 
ground at one pole, a circuit breaker and a shunt circuit around 
the latter, both connected to the opposite pole of the magnet. 


446.767. Meqpette Ore Separator; Charles G. Buchanan, of 
New York, N. Y. Application filed Feb. 25, 1890. Ina magnetic 


ore separator a hollow cylinder, composed of alternating seg- 
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ments of magnetic and non-magnetic material, a series of electro- 
magnets arranged to polarize the magnetic portions of the cylin- 
der, and means for reversing the polarity of the electromagnets. 


416,801. Electric Regulating Clock; Désiré Vande Plancke 
and Gustave Vande Plancke, of Courtrai, Belgium. Application 
filed May 21, 1889. In an electric clock, having an electromagnet 
with an electric circuit, adapted to excite the said magnet at regu- 
lar intervals of time; an unequally weighted fly-wbheel mounted 
on a horizontal axle, and adapted to act on the clock mechanism; 
a striking lever connected with the armature of the electromag- 
net, and adapted to give to the fly-wheel at every attraction of 
the armature an impulse sufficient for an entire revolution, and 
2 an —— adapted to consume any excess of energy of the 

y-whee 


446.817. Electrically-propelled Car; Rudloph M. Hunter, 
of Philadelphia, Pa. pplication filed March 14, 1889. A car 
havin longitudinall -arlanged seats, end dashers, openings in 
one of the carboy ends and in the dasher adjacent thereto, in line 
with the spaces below said seats, and doors or covers for said 
openings in the car end and dasher for effecting the transfer of 
storage batteries to and from the car. 


446,821. Electric Locomotive ; Eben Moody Boynton, of 
West Newoury, Mass. Application filed Oct. 17, 1890. The com 
bination, with the armature of an electric motor fastened on a 
driving shaft, of one part of a friction-clutch rotating with the 
driving shaft and engaging with the other part of the friction- 
clutch fastened on a driving-wheel mounted concentrically with 
but free from the shaft. (See illustration.) 


446,826. Detachable Ceiling Block or Bracket for 
Electric Lamps 3; Herbert C. Wirt, of Boston, Mass., Assignor 
of one-half to James L. Kimball, of same place. Application filed 
Oct. 29, 1889. A base and a cap or rosette detachably secured 
thereto and provided with an opening. a bracket extended up into 
said opening and provided with a ball or collar; an incandescent 
lamp secured ;to the opposite end of the bracket; an insulated 
support within the cap above the opening and provided with ter- 
minals and branch wires connected to the lamps and extended 
through the bracket and secured to said terminals. 


456,831. Electric Heater; Thomas J. Donavan, of Chicago, 
Ill., Assignor to Walter G. Goodrich, of same place. Application 
filed Jan. 20, 1890. The combination of a boiler or other fuid res- 
ervoir, an electrically heated substance inclosed in an envelope 
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from which the air has been exhausted, and a removable carrier 
for such envelope normally ingerted in the boiler or reservoir. 


446,833. Electric Railway; Rudolph M. Hunter, of Phila- 
delphia, Pa. Assignor by mesne assignments to the Thomson 
Houston Electric Company, of Boston, Mass. Application filed 
Mar. 16, 1888. In an electric railway, the combination of a sus- 
pended cable with a working conductor supported by and elec- 
trically to it at intervals along its length, a traveling vehicle, a 
motor to propel said vehicle, and a compact device making a 
traveling connection with the working conductor to supply 
electric current to the motor. 


446,834. Electric Railway; Rudolrh M Hunter, of Phila- 
delphia, Pa,, Assignor by mesne assignments to the Thomson- 
Houston Electric Company, of Boston, Mass. Application filed 
June 4, 1889. In an electric railway the combination of two sets 
of working conductors for two railway tracks in which con- 
ductors of similar polarity connect and are adapted to receive a 
current collecting device of a car traveling on either railway, 
whereby the said current collecting device may run from the 
conductors of one railway to the conductors of the other railway, 
an electric generator, electric connections connecting the positive 
pole of the generator with the positive conductors of the two 
railways at a distance from their connection and the negative 
pole with the negative conductors, and an electrically propelled 
vehicle having a current collecting device adapted to travel in 
connection with the conductors of either track. 





in this record—or of any other patent issued since 1886 
be had for 25 cents. Give date and number of nt desired, 


we: of the specifications and drawings complete of any patent 
—can 
and address The W. J. Johnston Co., Ltd., Times Building, N. ¥ 
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